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HOW TO USE THIS SOIL SURVEY 


HIS SOIL SURVEY contains information 

that can be ser to managing farms, 
ranches, and woodlands; in selecting sites for 
roads, ponds, buildings, and other structures; 
and in Judging the suitability of tracts of land 
for farming, industry, and recreation. 


Locating Soils 


All the soils of Oliver County are shown on 
the detailed map at the back of this publication. 
This map consists of many sheets made from 
aerial photographs. Each sheet is numbered to 
correspond with a number on the Index to Map 
Sheets. 

On each sheet of the detailed map, soil areas 
are outlined and are identified by symbols. 
AJl areas marked with the same symbol are the 
same kind of soil. The soil symbol is inside the 
area if there is enough room; otherwise, it is 
outside and a pointer shows where the symbol 
belongs. 


Finding and Using Information 


The “Guide to Mapping Units” can be used 
to find information. This guide lists all the soils 
of the county in alphabetic order by map sym- 
bol and gives the capability classification of 
each. It also shows the page where each soil is 
described and the page for the range site and 
windbreak group in which the soil has been 
placed. 

Individual colored maps showing the relative 
suitability or degree of limitation of soils for 
many specific purposes can be developed by 
using the soil map and the information im the 
text. Translucent material can be used as an 
overlay over the soil map and colored to show 
soils that have the same limitation or suitability. 
For example, soils that have a slight limitation 


for a given use can be colored green, those with 
8 moderate limitation can be colored yellow, 
and those with a severe limitation can be 
colored red. 

Farmers and those who work wiih farmers can 
learn about use and management of the soils 
from the soil descriptions and from the discus- 
sions of the capability units, range sites, and 
windbreak groups. 

Ranchers and others can find, under “Range,” 
groupings of the soils according to their suita- 
bility for range, and also the names of many of 
the plants that grow. on each range site. 

Foresters and others can refer to the section 
“Woodland and Windbreaks,” where the soils 
of the county are grouped according te their 
suitability for trees. 

Game managers and others can find informa- 
tion about soils and wildlife in the section 
“Wildlife.” 

Community planners and others can read about 
soil properties that affect the choice of sites for 
dwellings, industrial buildings, and recreation 
areas in the section ‘Recreational Devel- 
opment.” 

Engineers and builders can find, under 
“Engineering Uses of the Soils,” tables that 
contain test data, estimates of soil properties, 
and information about soil features that affect 
engineering practices. 

cientisis and others can read about how the 
soils formed and how they are classified in the 
section ‘Formation and Classification of the 
Soils.” 

Newcomers in Oliver County may be especially 
interested in the section “General Soil Map,” 
where broad patterns of soils are described. 
They may also be interested in the information 
about the county given at the beginning of the 
publication and in the section “General Nature 
of the County.” 


Cover picture: Typical landscape in the Williams-Sen asso- 
ciation. Tree plantings around the farmstead and the fields 
help to control the deposition of snow and to prevent damage 
from wind. Stripcropping and grassed waterways, are used 
to control erosion. (Photograph courtesy of William Sebens, 


North Dakota State Association of 


Soi] Conservation 


Districts.) 
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LIVER COUNTY is in west-central North Dakota 
(fig. 1), It has a land area of 461,312 acres, or 720 
square miles. The county extends about 40 miles from 
east to west and 20 miles from north to south, Its eastern 
boundary is the Missouri River. Center is the county 
seat and the only incorporated city, According to the 
1970 census, Oliver County has 2,287 inhabitants. Most 
of the population makes its living directly from agri- 
eultu he mining of lignite and the generating o 
electricity by coal-fired steam are of increasing importance 
to the economy. Lignite has petential for industrial use 
as a raw product. 
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Figure 1,—Location of Oliver County in North Dakota, 


Ninety-two percent of Oliver County is farmed. Most 
farms are a combination of livestock, feed-grain and 
eash-grain enterprises, but there are a few large ranches 
anc cash-grain farms. 

Beef and dairy cattle are the main livestock raised. 
Beef cattle are sold mainly as feeders through local 
auction markets, and dairy production is marketed 
mainly as whole milk for making cheese. 

About half the eereage of these farms is in crops, and 
half is in gr Spring wheat is the main crop, but outs, 
barley, flax, corn, alfalfa, and hay are grown extensively. 
Most pasture is in native grass. Some irrigated feed 
crops and sugar beets are grown on the Missouri River 


ottom lands. Irrigation of the bottom lands for raising 
these crops is likely to increase. Bottom lands along the 
Missouri River and some north-facing steep slopes nid 
coulees have patches of native woods, and most of this 
acreage is grazed. Increasing numbers of farmstead and 
field windbreaks have been planted since 1946. 

The lowest areas of the county are the Missouri River 
ottora lands and terraces. On the bottom lands are the 
deep, loamy Havrelon soils, and in the terraces are the 
silty Mandan soils. These soils are well suited to most 
irrigated and dryland crops. 

Most of the county is gently sloping or undulating to 
hilly and on uplands. The uplands are eut by the main 
streams and by many intermittent waterways, but there 
are a fow potholes or poorly drained basins. The uplands 
have thin, patchy surface deposits of glacial till, wind- 
blown silt, and sand over beds of residual material, Where 
the deep or moderately deop Williams, Temvik, Flaxton, 
Sen, Morton, and Vebar soils are gently sloping or un- 
dulating, they ave well suited to most crops, but where 
they are sloping or rolling to hilly, they are only fairly 
well suited. 

The mainly steep to very 
are between the uplands and the deep valleys. In these 
areas, the soils are thin and shallow and occur as narrow, 
irregular bands parallel to the deeply incised streams 
that finger into the uplands. The areas of steep soils ure 
mainty slong the Missouri River and the lower part. of 
Squure Butte Creek, and their tributaries, but smaller 
areas are in the uplands. The soils in these areas are 
mainly Cabba, Werner, Zah!, and Cohagen soils. These 
soils are used for and are suited to range. 


steep areas of the county 


How This Survey Was Made 


Soil scientists mace this survey to learn what kinds of 
soil are in Oliver County, where they are located, and how 
they can be used. The soil scientists went into the county 
knowing they were likely to find many soils they had 
already seen and perhaps seme they hac not. They ob- 
served the steepness, longth, and shape of slopes; the 
size and speed of streams; the kinds of native plants or 
crops; the kinds of rock; and many facts about the soils. 
They dug many holes to expose soil profiles. A profile is 
the sequence of natural layers, or horizons, in a soil; it, 
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extends from the surface down into the parent material 
that has not been changed much by leaching or by the 
action of plant roots. 

The soil scientists made comparisons among the profiles 
they studied, and they compared these profiles with those 
in counties nearby and in places more distant. They 
classified and named the soils according to nationwide, 
uniform procedures. The soil series and the soil phase are 
the categories of soil classification most used in a local 
BUTVey. 

Soils that have profiles almost alike make up « soil 
series. Except for different texture in the surface layer, all 
the soils of one series have major horizons that are similar 
in thickness, arrangement, and other important character- 
istics. Each soil series is named for s town or other 
geographic fenture near the place where a soil of that series 
was first observed and mapped. Grail and Parshall, for 
example, are the names of two soil series. All the soils in 
the United States having the same series name are 
essentially alike in those characteristics that affect their 
behavior in the undisturbed landscape. 

Soils of one serics can differ in texture of the surface 
Jayer and in slope, stoniness, or some other characteristic 
that affects use of the soils by man. On the basis of such 
differences, a soil series is divided into phases. The name of 
a soil phase indicates a feature that affects management. 
For example, Grail silt loam, nearly level, is one of several 
phases within the Grail series. 

After n guide for classifying and naming the soils had 
been worked out, the soil scientists drew the boundaries 
of the individual soils on serial photographs. These 
photographs show woodlands, buildings, field borders, 
trees, ond other details that help in drawing boundaries 
accurately. The soil map at the back of this publication 
was prepared from aerial photographs. 

The areas shown on a soil map are called mapping 
units. On most maps detailed enough to be useful in plan- 
ning the management of farms and fields, a mapping unit 
is nearly equivalent to 2 soil phase. It is not exactly 
equivalent, because it is not practical to show on such a 
map all the small, scattered bits of soil of some other kind 
that have been seen within an area that is dominantly of 
a recognized soil phase. 

Some mapping units are made up of soils of different 
series, or of different phases within one series. Two such 
kinds of mapping units are shown on the soil map of 
Oliver County: “soil complexes and undifferentiated 
groups. 

A soil complex consists of areas of two or more soils, so 
intricately mixed or so small in size that they cannot be 
shown separately on the soil map. Each area of a complex 
contains some of cach of the two or more dominant soils, 
and the pattern and relative proportions are about the 
same in all areas, Generally, the name of a soil complex 
consists of the names of the dominant soils, joined by a 
hyphen. Banks-l'rembles fine sandy loams, nearly level, 
is an example. 

An undifferentiated group is made up of two or more 
soils that could be delineated individually but are shown 
as one unit because, for the purpose of the soil survey, 
there is little value in separating them. The pattern and 
proportion of soils ara not uniform. An area shown on the 
map may be made up of only one of the dominant soils, 
oc of two or more, Colvin and Regan silt loams is an 
undifferentiated soil group in this county. 


In most areas surveyed there are places where the soil 
material is so rocky, so shallow, so severcly eroded, or so 
variable that it has not been classificd by soil series. 
These places are shown on the soil map and are described 
in the survey, but they are called land types and are 
given descriptive names. Alluvial land is a Jand type in 
this county. 

While ® soil survey is in progress, soil scientists take 
soil samples needed for Inboratory measurements and for 
engineering tests. Laboratory data from the same kind 
of soil in other places are also assembled. Data on yields 
of crops under defined practices are assembled from farm 
records and from field or plot experiments on the same 
kind of soil. Yields under defined management are es- 
timated for all the soils. 

Soil scientists observe how soils behave when used as a 
growing place for native and cultivated plants, and as 
material for structures, foundations for structures, or 
covering for structures. They relate this behavior to 
properties of the soil. For example, they observe that 
filter fields for onsite disposal of sewage fail on a given 
kind of soil, and they relate this to the slow permeability 
of the soil or a high water table. They see that strests, 
road pavements, and foundations for houses are cracked 
on a named kind of soil and they relate this failure to 
the high shrink-swell potential of the soil material, ‘Thus, 
they use observation and knowledge of soil properties, 
together with available research data, to predict limita- 
tions or suitability of soils for present and potential uses. 

After data have been collected and tested for the key, 
or benchmark, soils in a survey area, the soil scientists set 
up trial groups of soils. They test these groups by further 
study and by consultation with farmers, agronomists, 
engineers, and others. Thoy then adjust the groups ac- 
cording to the results of their studies and consultation, 
Thus, the groups that are finally evolved reflect up-to-date 
knowledge of the soils and their behavior under current 
methods of use and management. 


General Soil Map 


The general soil map at the back of this survey shows, 
in color, the soil associations in Oliver County. A soil 
association is a landscape that has a distmctive propor- 
tional pattern of soils. It normally consists of one or more 
major soils and at least one minor soil, and it is nemed for 
the major soils. The soils in one association may occur in 
another, but in a different pattern. 

A map showing soil associations is useful to people who 
want a general idea of the soils in a county, who want to 
compare different parts of a county, or who want to know 
the location of large tracts that are suitable for a certain 
kind of land use. Such a map is @ useful general guide in 
managing a watershed, x» wooded tract, or a wildlife area 
or in planning engineering works, recreational facilities, 
and community developments. It is not a suitable map 
for planning the management of a farm or field or for 
selecting the exact location of a road, building, or similar 
structure, because the soils in any one association or- 
dinarily differ in slope, depth, stoniness, drainage, and 
other characteristics that affect their management. 

The soil associations in this survey have been grouped 
into four general kinds of landscapes for broad interpreta- 
tive purposes. Each of the broad groups. and their soil 
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associations in each group are described in the following 
pages. The terms for texture used in the titles of the 
associations apply to the texture of the surface layer. For 
example, in the title of association 1, the word “loamy” 
refers to the texture of the surface layer. 


Soils Formed in Material Weathered from 
Soft Sandstone and Shale; on Uplands 


These three soil associations in the uplands are made up 
of soils that are underlain by soft sandstone and shale. 
Most of these soils, which are variable in depth, formed in a 
weathered mantle, but in the lower areas soils that formed 
in glacial till are included. Such prominent buttes as 
Square Buttes and Red Butte are in this association, and 
there are « few outcrops of sedimentary rock in the steeper 
aveas. These associations make up about 28 percent of the 
county. 


1. Vebar-Cohagen association 


Nearly level io steep, moderately deep and shallow, well- 
drained, loamy soils 


This association consists of sloping to very steep narrow 
ridges and buttes that have long side slopes and, below 
and between the ridges and buttes, nearly level to sloping 
plains, The Square Buttes and Red Butie are in this 
association, which is a6 higher elevations than surrounding 
soil associations. On the crests of ridges and buttes, soft 
sandstone ledges are common, and in places the soils 
have a surface layer that has becn reworked by glaciers. 
Surface glacial stones are common. In the lower areas finer 
textured outcrops and patches of glacial till are common. 
Most of this association is in the area that forms a divide 
between the headwaters of streams that flow north to the 
Knife River and the headwaters of streams that drain east 
and south to the Missouri River. 

This association makes up about 8 percent of the county. 
Vebar soils make up about 60 porcent of the association, 
and Cohagen soils about 25 percent. Minor soils make up 
about 15 percent. They arc Tally, Parshall, Arnegard, 
Willkiams, Sen, Zehl, Werner, and Cabba. soils. 

Vebar and Cohagen soils generally have slopes of morc 
then § pereent. They are on upper side slopes and low 
ridges. Vebar soils have a surface layer of fine sandy loam 
or Joum, have a subsoil of fine sandy loam, and arc under- 
lain, at a depth of 20 to 40 inches, by soft sandstone. 

Cohagen soils are on tops, crests, and upper side slopes 
of ridges and buttes. They have a surface layer of fine 
sandy loam underlain by sandstone at a depth of Jess than 
20 inches. 

Tally soils are on lower side slopes. Parshall and 
Arnegard soils_are in swales and drainagoways. Zahl, 
Werner, and Cabba soils are on ridgetops and crests, 
Williams and Sen soils are on the gentler convex slopes. 

About two-thirds of this association is in native grass 
used for range and pasture. ‘The rest is used mainly for 
crops. Most of the cropland is on the Vebar, Tally, Wil- 
liams, and Sen soils that have slopes of less than 9 percent. 
The farms are mainly grain and livestock enterprises with 
pa a on beef or dairy cattle, Some of the grain is fed 
to livestock, and some is sold as cash grain. The main 
concerns of management on this association are the con- 
trol of soil blowing and gullying. 


2. Vebar-Tally association 


Nearly level to hilly, moderately deep and deep, well-drained, 
loamy soils 

This association consists chiefly of soils formed in mate- 
rial weathered in place from soft sandstone and of soils 
formed in material that weathered from soft sandstone 
but was locally reworked by glaciers. It is on mainly gently 
sloping and undulating to sloping and rolling plains, but 
there are a few nearly level areas and a few ridges and hills. 
The association is at the highest clevations in the county. 
Surfaca glacial and silicified stones and boulders are 
numerous on some ridges and are common over most of the 
association. There arc areas at lower elevations where the 
soils formed in finer textured residual strata and in glacial 
till, This association forms a divide between the head- 
waters of tributaries of the Knife and Heart Rivers. 

This association makes up about 2 percent of the county. 
Vebar soils make up about 40 percent of the association, 
and Tally soils about 30 percent. Of the minor soils, about 
10 percent is Parshall soils and 20 pecan is efor, Co- 
hagon, Arnegard, Williams, Sen, and Morton soils. 

Vebar soils are on ridgetops and side slopes. They have 
a surface layer of fine sandy loam, a subsoil of fine sandy 
loam, and are underlain at a depth of 20 to 40 inches by 
soft sandstone. 

Tally soils oceupy lower side slopes and are nearly level 
to gently sloping. They have « surface layer and subsoil 
of fine sandy loam or loam underlain by sandstone at a 
depth of more than 40 inches, 

Parshall and Aregard soils are in swales and drainage-~ 
ways. Cohagen soils are on top of the steeper ridges. Lefor, 
Sen, Morton, and Williams soils are on gentler convex 
slopes. 

More than half of this association is cultivated. The rest 
is mainly in native grass used for pasture and hay, The 
farms are mainly feed and grain and livestock enterprises. 
Some of the grain is fed to livestock, and some is sold as 
cash grain. The main concern of management on this 
association is controlling soil blowing. Gullying is a hazard 
on long slopes of more than 3 percent. 


3. Morton-Daglum-Werner association 


Nearly level to very steep, deep to shallow, well drained and 
moderately well drained, loamy soils 


This association consists mainly of soils that formed in 
thinty stratified, soft shale and rack on the Fort Union 
Formation, It is on broad residual plains that have long, 
smooth slopes. There are small areas that have a thin, 
patchy mantle of glacial till. Glacial stones and boulders 
are common over most of the association, and ailicified 
stones are common to numerous in some places. Thin 
stratification of residual beds and an erratic glacial till 
manile result in a complex soil pattern in many places. 
The prominent unnamed butte at the headwaters of 
Otter Creek is in this association. ‘This association gen- 
erally drains south and west to the Missouri River, 
except for a small part that drains north to the Knife 
River. 

This association makes up about 18 percent of the 
county. Morton soils make up about 20 percent of the 
association, Daglum soils 20 percent, and Werner soils 15 
percent. Of the minor soils, about 10 percent is Regent 
soils and. about 35 percent is Rhoades, Belfield, Amor, Sen, 
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Grail, Arnegard, Lawther, Williams, Zahl, Vebar, Co- 
hagen, and Cubbn soils. 

Morton soils have plane and convex slopes. They have a 
surface lnyer of silt loam about & inches thick and. a sub- 
soil of silty clay loam. The underlying materin] is weath- 
ered loamy shale or loamstone. 

Dagium soils have plane or concave slopes and. are in 
areas of low relief, Typically, they have combined surface 
and subsurface layers of silt lonm, about 8 inches thick, 
and a dense claypan subsoil. The underlying material is 
stratified shale or alluvium. 

Werner soils occupy tops and crests of broad ridges snd 
steep side slopes. In places they are on. hilltops and upper 
slopes in areas of rollmg topography. ‘They have a surface 
layer of loam about 6 inches thick. Beneuth this is cal- 
carcous, loamy residun) materiat that bus been partly 
altered by soil forming processes. 

Regent soils aro in landscape positions that are similar 

to those of Morton soils, but they formed im strata of 
residual material that has a higher clay content. Rhoades, 
Belfield, and Dagtum soils are in the same areas as the 
Rogont soils. Amor nnd Sen soils have plane and convex 
slopes. Grail and Arnegard soils are in swales. Lawther 
soils ave in swales or in nearly level to gentle plane areas. 
Williams soils ave in patches within the residual plain and 
have plane or convex slopes. Zahl, Cohagen, and Cabba 
soils are on hilltops and upper side slopes, Vebar and Co- 
hagen. soils are on lower side slopes. 
More than half of this association is cultivated. and used 
inly for smail grains. The farms are mainly grain and 
livestock enterprises. Some of the grain is fed to livestock, 
and some is sold as ensh grain, Dairy and beof cattle and 
cash grain are the mujor sourees of income. Claypan soils 
restrict the choice of crops and present special manage- 
ment concerns. The main, concerus of management are 
controlling erosion and maintaining soil tilth and fertilivy. 
On the claypan and clay soils, increasing the water intake 
rate, timely tillage, and fostering good emergence of 
seedlings are also concerns of management. 


Soils Formed in Glacial Till and Material 
Weathered from Soft Sandstone and Shale; 
on Uplands 


The soils of these three associations formed in material 
weathered from soft bedrock and loamy glacial till. The 
glacial titt consists of ground moraines and rolling to hilly 
remnants of recessional moraines, but interspersed with 
these are upland areas of soft bedrock. Soils that formed. 
in glacial tll are dominant in more gently sloping areas, 
and soils that formed in soft bedrock are dominant in the 
steeper areas. Shale and rock outcrops are common on 
steep ridge crests, The drainage pattern consists of many 
intermittent streams that are deeply entrenched im some 
places. These associations make up about 36 percent of 
the county. 


4. Williams-Sen association 


Nearly level io hilly, deep and moderately deep, well-drained, 
loamy soils 


‘This associntion consists of soils on residual plains that 
have a thin, patchy surface mantle of glacial Gll. Glacial 
till mantles the brond, undulating plains. It is thinner 
where slopes are steeper, and the drainage pattern is 


woll defined. Much of the iil] mantle is less than 4 feet 
thick (fig. 2). Most of this association has slopes of 4 to 
8 percent. It is drained by streams that are tributaries of 
both the Knife River and the Missouri River. 

This, essociation makes up about 17 percent of the 
county. Williams soils make up about 45 percent of the 
associntion and Sen soils about 20 percent. The minor 
soils make up about 35 percent. They are Werner, Cabba, 
Arnegard, Grail, Morton, Straw, Regent, Daglum, and 
Rhoades soils. 

Williams soils have convex and plane slopes and are on 
broad, undulating plains. They have a surface layer of 
foam or silt loam about 7 inches thick and a subsoil of 
clay loam, AN or part of the underlying material, to a 
depth of 5 feet, is clay loam glacial till. 

Sen soils have longer plane and convex slopes than 
Williams soils. They have a surface layer and subsoil of 
loam or silt loam. The surfiuce layer is about 6 inches 


Figure 2.—Profile of Williams loam, one of the major soils in the 
Williams-Sen association. At the top is 3 feet of glacial till and 
below this ig an 8-inch layer of lignite underlain by loamy re- 
siduum weathered from shale. 
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thick. The underlying material is weathered loamy shale 
or loamstone. 

Morton soils are in positions similar to those of Sen 
soils, but they formed in strata of residual material that 
has a higher clay content. Werner and Cabba soils are on 
hilltops and steep side slopes. Arnegard and Grail soils 
are in swales and drainageways. Straw soils are on low 
creck terraces. Regent soils are in_ positions similar to 
those of Sen and Morton soils, but they formed in strata 
of clayey residual material. Daghum and Rhoades soils 
are on concave or plane slopes and formed in strata that 
have a high sodium content. 

Nearly two-thirds of this association is cultivated. The 
resb is mainly in native grass used for pasture or hey. ‘The 
small grains grown are mainly wheat and onts. The farms 
are gram and livestock enterprises. Some of the grain js 
fed to livestock, and some is sold as cash grain. The main 
concern of menegement is controlling water crosion on 
slopes of more than. 3 percent. Maintaming soil tilth and 
fertility and controlling soil blowing are also concerns. 


5, Cabba-Werner-Williams association 


Nearly level to very steep, shallow and deep, well-drained, 
loamy soils 


” 


This association consists chiefly of shallow soils on 
steep and very steep ridges, hills, and valley side slopes 
and deep soils on the intervening undulating plea s. Shale 
and outcrops are common on ridge crests, ‘The shallow 
soils are mainly steep and very steep. Within the undulat- 
ing plains are areas of nearly level ground moraine and 
rolling to hilly remnants of recessional moraines. Nearly 
90 percent of this association is in the watershed of Square 
Butte Creek. 

This asseciation makes up about 12 percent of the 
county, Cabba soils make up about 25 percent of the 
association, Werner soils 15 percent, and Williams soils 
15 percent. Minor soils make up about 45 percent. They 
are Sen, Zahl, Siraw, Cohagen, Vebar, Arnegard, Grail; 
Temvik, Daglum, and Rhoades soils. 

Cabba soils are on the tops of ridges and hills and on 
valley side slopes. They, typically, have a surface layer of 
silt loam about 6 inches thick. Beneath this is calcareous, 
loamy residual material partly altered by soil-forming 
processes. The underlying material, at a depth between 10 
and 20 inches, is beds of soft shale. 

Worner soils occupy the tops and crests of broad ridges 
and steep side slopes. In places they are on hilltops and 
upper slopes in areas of rolling tepography. They have a 

rofile similar to that of the Cabba soils, but the surface 
ayer is darker in color. 

Williams soils have convex slopes. They are on low 
swells and on nearly level plane slopes and side slopes of 
ridges within the undulating plains. They have a surface 
layer of foam or sill loam about 7 inches thick and a subsoil 
and underlying material of clay loam. 

Zahl soils are on hilltops on broad plains and on the 
crests of steep slopes at the head of incised drainageways. 
Sen soils are in positions similar to those of Williams 
soils, but they are in arens where there is no glacial mantle. 
Amegard and Grail soils are in swales and drainageways. 
Cohagen and Vebar soils are on the tops and side slopes of 
high ridges and buttes and, in places, on very stecp valley 
side slopes. Toravik soils occupy nearly level areas on till 
plains that have a loess mantle more than 20 inches thick, 


Daglum and Rhoades suils are on concave or plane slopes 
and formed in strata that are high in sodium. Straw soils 
occupy low terraces and the bottom lands aleng streams 
(fig. 3). 

Nearly three-fourths of this association is in native 
grass used mainly for range. The rest is cultivated and 
used mainly for feed grains, alfalfa, and corn. There are 
patches of native woods and brush along creeks and in 
coulees. Most wooded areas are grazed but have some 
wildlife use. The main soils used for crops are Williams, 
Sen, Straw, Arnegard, Grail, and Vebar soils. Most farms 
are grain and livestock enterprises. Some of the grain is 
fed to livestock, and some is sold as cash grain. There 
are several large ranches in this association, and the major 
source of income is beef cattle. The main concern of man~ 
agement is controlling erosion. ‘The most serious erosion is 
guilying, which oceurs mainly on long slopes in sloping 
to very steep areas. Jn areas of range, gullying is mainly 
in cattle trails. This association is 2 source of scoria for 
road surfacing. 


6, Cabba-Zahl association 


Hilly io very steep, shallow and deep, well-drained, loamy 
soils 


This association consists mainly of soils that formed in 
residual material weathered from soft stone and shale. It 
is mainly on. the side slopes of deeply cut, short drainage- 
ways that are tributaries of the Missouri River. This 
area is commonly called the Missouri River breaks. There 
aro remnants of glecial till and surface deposits of loess 
on broad hilltops and deposits of loess on the narrow, 
dissected terrace along the Missouri River. 

This asgociation makes up about 7 percent of the county. 
Cabba soils make up about 40 percent of the association, 
and Zahl soils, about 20 percent, Of the minor soils, 
about 15 percent is Werner soils and 25 percent is Williams, 
Temvik, Arnegard, Straw, Rhoades, and Daglu:n soils 
and Strongly saline land. 

Cabba soils are on very steep middle and lower slopes 
along drainngeways. In areas of these soils on ridge crests 
near Fort Clark, arc numerous shale and rock outcrops. 
Typically, these soils have a surface layer of silt loam about 
6 inches thick. Beneath this is calcareous, loamy residual 
material that has been partly altered by soil-forming 
processes. 

Zahl soils are on crests and upper side slopes that slant 
downward to drainageways below the till plain, They 
have a surface layer of loam about 6 inches thick. Beneath 
this is calesreons. clay Joam glacial till that has beon rela- 
tively unaltered by soll-forming processes. 

Werner soils oceupy middle and lower side slopes down- 
slope from aveas of Zahl soils. They are in positions 
similar to those of Cabba soils, but have a darker colored 
surface layer than Cabba soils. Temvik and Williams 
soils ace on isolated ov connected narrow segments of the 
high till plain that has » thin mantle of loess. Arnegard 
soils are in swales and drainageways. Straw soils and 
Strongly saline land are along low stream terraces. 
Rhoades and Daglum soils have concave or plane slopes 
and are in areas downslope from Cabba and Werner soils. 

More than four-fifths of this association is in native 
grass used mainly for range. Some patches in coulees 
and creek bottoms aud on undulating uplands are used 
for growing hay. About one-fifth is cultivated. The main 


6 SOIL SURVEY 


Figure 2.—Area of the Cabba-Werner- Williams association in the valley of Square Butie Creek. On the side slopes of the valley are 
Cabba and Werner soils, which are in range, and on the low terraces and bottom lands are Straw soils, which are cultivated. 


cultivated soils are Straw, Williams, and Temvik soils. 
Most of the creek bottoms and north-facing slopes have 
patches of native trees and shrubs. Most wooded areas 
are grazed but still have some wildlife value, The farms 
are mainly grain and livestock enterprises. Some of the 
grain is fed to livestock, and some is sold as cash grain. 
This association furnishes most of the pasture for farms 
in the area. ‘There are several large ranches in this asso- 
ciation, and the main source of inconte is heef cattle. The 
main concerns of management are controlling erosion and. 
maintaining fertility. Overgrazing and poor grazing dis- 
tribution cause erosion in the steop areas. Guilying is 
mainly in cattle trails and creek channels. 


Soils Formed in Glacial Till; on Uplands 


These three soil associations are mainly on glacial till 
plains in the northern half of the county. Most arcas are 
on nearly level to hilly ground moraines, but some con- 
tain discontinuous, hilly, recessional moraines. On some 
of the soils are thin, windblown surface deposits of fine 
sandy loam, and. in the northwestern part of the county, 
the soils have a thin silty mantle. ‘These associations make 
up about 29 percent of the county. 


7. Flaxton-Williams-Livona association 
Nearly level to hilly, deep, well-drained, loamy soils 


This soil association consists of glacial till plains where 
a thin, paichy Jayor of ght loam or fine sandy loam has 
been deposited on the surface. ‘he windblown surface 
deposits are derived from Knife River outwash lying to 
the north, in Mercer County. The zeeulting soil pattern, 
is complex. All or part of the subsoil and the underlying 


material formed in clay loam. glacial till. In a few small 
areas the surface Jayer is loamy fine sand. Most of this 
association has undulating slopes. Nearly all of this 
association is drained by tributaries of the Knife River. 

This association mukes up about 14 percent of the 
county. Flaxton soils make up about 30 percent of the 
association, Williams soils 25 percent, and Livona soils 
20 percent. Minor soils make up about 25 percent, They 
are mainly Parshall, Arnegard, Lihen, Straw, Zabhl, 
Werner, and Cabba soils. 

Flaxton soils are on concave or ower side slopes, They 
have o surface layer of fine sandy loam or light loam. 
The upper part of the subsoil is fine sandy loam, and the 
lower part of the subsoil and the underlying material are 
clay loam, The fine sandy loam extends to a depth of 26 
to 40 inches. 

Williams soils have convex slopes. They have a surface 
layer of loam or fine sandy loam, Jess than 10 inches. 
thick, and a subsoil and underlying material of clay loam. 

Livona soils are on the upper side slopes. They have a 
surface layer of fine sandy loam or light loam. The upper 
part of the subsoil is fine sandy loam as much as 20. 
inches thick, and the lower part of the subsoil and the 
underlying material are clay loam, 

Parshall and Arnegard soils are in swales and drainage- 
ways. Lihen, Straw, Zahl, Werner, and Cubba soils are 
mainly along stream valleys. Lihen soils are on high 
terraces; Straw soils sre on low terraces; Zehl, Werner, 
and Cabba soils are on valley side slopes. 

Nearly two-thirds of this association is cultivated, and 
the main crops are small grains, corn, and. alfalfa, The 
rest is mainly used for native pasture and hey, but a 
considerable area is used for tame grass pasture and hay. 
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The farms ate mainly grain and livestock enterprises. 
Some of the grain is fed to livestock, and some is sold 
as cash grain. Some farms grow only cash grain. The 
main concern of management is soil blowing. Gullying is 
a concern in areas that have long slopes of more than 3 
percent. The use of single-row tree windbreaks to protect 
cultivated fields is a popular practice. 


8. Temwvik-Williams association 
Nearly level to hilly, deep, well-drained, silty and loamy soils 


This association consists of glacial till plains that are 
covered with a thin mantle of loess derived from materials 
on the Missouri River flood plains. The loess is thickest at 
the edge of the Missouri River breaks and is progressively 
thinner to the south. The smaller arcas of this association 
are on tablelands surrounded by deeply incised creeks that 
flow north to the Missouri River. Most arcas have slopes 
of more than 3 percent, bub some areas have nearly level 
to undulating slopes. Much of the associations lus a com- 
ps soil pattern. All or part of the subsoil and the under- 
ying material formed in clay loam glacial till. All of the 
cs ciation is drained by short tributaries of the Missouri 

iver. 

This association makes up about 7 percent of the county, 
Temvik soils make up about 50 percent of the association 
and Williams soils about 25 percent, Minor soils make up 
about 25 percent. They are mainly Grassna, Arnegard, 
Linton, Mandan, Tonka, Parnell, and Zahl soils. 

Temvik soils are nearly level to hilly. They have a sur- 
face layer of silt loam. The upper part of the subsoil is 
silt loam 20 to 40 inches thick, and the lower part of the 
subsoil and the underlying material are clay loam. 

Williams soils have convex slopes, They have 1 surface 
layer of silt loam or loam, about 7 inches thick, and a 
subsoil and underlying material of clay loam. 

Grassna and Arnegard soils are m extreme concave 
positions. Linton soils have convex slopes, and Mandan 
soils are in concave positions. Both soils oceur mainly 
within 2 miles of the Missouri River breaks. Tonka and 
Parnell soils occupy the poorly drained and very poorly 
drained potholes. Zahl soils are on hilltops and steep- 
sided cramageways. 

Nearly three-fourths of this association is cultivated, 
and the main crop is small grains. The rest is mainly na- 
tive grass used for pasture and hay. The farms are about 
evenly divided between cash grain enterprises and grain 
and livestock enterprises. Some of the grain is fed to live- 
stock, and the rest is sold as cash grain. The proportion of 
income derived from cash grain is greater than for any 
other soil association. The main concerns of management 
are maintaining filth and fertility and controlling crosion. 


9. Williams-Zahl association 
Nearly level to steep, decp, well-drained, loamy soils 


This association consists of glacial till plains where there 
has been little surface deposition of windblown silt or 
sand. Arcas of the broad, undulating to rolling plains have 
some nearly level ground moraines and discontinuous, 
hilly recessional moraines. The glacial till is more than 4 
feet thick in most places, but the wind-laid surface de- 
posits are patchy and thin, except in a few places. The 
association is dissected by many drainageways and inter- 
mittent streams. Except for one small area, it is drained 
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by the short tributaries of Square Butte Creek and the 
Missouri River. 

‘This association makes up about 8 percent ef the county, 
Williams soils make up about 50 percent of the association 
and Zahl] soils 15 percent. Of the minor soils about 10 
percent is Temyik soils and about 25 percent is Arnegard, 
Grail, Tonka, Parnell, Sen, Werner, and Cabba soils. 

Williams soils have convex slopes. They are on low 
swells, nearly level plane slopes, and side slopes of ridges 
and hills. They have a surface layer of loam or silt loam 
about 7 inches thick and a subsoil and underlying material 
of clay loam. 

Zshl soils occupy the tops of knobs, hills, and ridges, 
und steep side slopes of drainageways. They have a surface 
layer of loam about 6 inches thick, underlain by calcareous 
clay loam glacial till that is relatively unaltered by soil- 
forming pracesses. 

Temvik soils are nearly level and are in areas whore the 
locss mantic is more than 20 inches thick. Arnegard and 
Grail soils are in. swales ond drainageways. Tonka and 
Parnell soils aro in potholes. Sen soils are on positions 
similar to those of Williams soils but in areas where the 
glacial till mantle is very thin or lacking. Werner and 
Cabba soils are on hills, ridgetops, and steep side slopes 
of drainageways where there is no glacial till. 

About half of this association is cultivated, and the 
rest is mainly in native grass used for hay and pasture. 
Most fatms are grain and livestock enterprises. Some 
of the grain is fed to livestock, and some is sold as cash 
grain. Income from feed grain and livestock is grenter 
than that from cash grain. Tho main concerns of manage- 
ment are controlling evosion and maintaining soil tilth 
and fertility, 


Soils of Bottom Lands and Terraces 


The soils of these two associations are nearly level to 
undulating, deep, and loamy to clayey. They formed in 
materials deposited by wind and water. The wind- 
deposited material contains a high proportion of silt and 
very fine sand. This material was blown, mainly from the 
Missouri River flood plain and occupies terraces adjacent 
to the river. The water-laid matorial on. the bettem lands 
is stratified and in some areas is flooded for a short period 
every year. These associations are adjacent to the Missouri 
River. They make up about 7 percent of the county. 


10, Mandan-Temvik association 
Nearly level to gently sloping, deep, well-drained, silty soils 

This soil association consists of loess-covered, inter- 
mediate and high terraces along the Missouri River. 
Most areas are nearly level, but the fans and foot slopes 
on the outer terrace edge and the side slopes along drain- 
ageways dissecting the terrace are mainly gently sloping. 
Wind-laid silt derived from the Missouri River flood 
plain forms a mantle that covers the stratified, stream- 
laid. material. 

This association makes up about 3 percent of the county. 
Mandan soils make up about 40 percent of the association, 
and Temyik soils 25 percent. Of the minor soils, about 
15 percent is Grassna soils and 20 perecnt is Arnegard, 
Grail, Straw, aud Wabek soils. 

Mandan soils mainly have plane, nearly level slopes 
and are in areas where the looss mantle is thickest. They 
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are sili loam to a depth of 40 to more than 60 inches. 
They have a surface layer about 17 inches thick. The 
underlymg material, below a depth of 40 inches, ranges 
from sand and gravel to silty clay loam, 

Temvik soils occupy areas where the loess is thinnest, 

which are the high areas of slightly convex slopes and the 
plane slopes. The surface layer and upper part of the 
subsoil combined. are silt loam 20 to 40 inches thick. The 
lower part of the subsoil and the underlying material 
are stratified loam to silty clay loam. 
” Grassna soils are on fans and foot slopes at the outer 
terrace edge, and in swales. They formed in loess derived 
from material that was washed downslope. Arnegard and 
Grail soils are in similar positions, and they also formed 
in materials that were washed downslope. Arnegard soils 
have more sand and Grail soils more clay below the sur- 
face layer than Grassna soils. Straw soils are on low 
terraces along creeks that disseet the Missouri River 
terrace. Wabek soils are on tho crests and sides of the 
steep terrace edge that is adjacent to the Missouri bottom 
lands. 

About two-thirds of this association is cultivated; about 
one-sixth is im tame grass; und one-sixth is in native grass. 
The grass is used mainly for pasture. Most of the associa- 
tion has a high potential for irrigated crops—alfalfa, corn, 
field beans, and sugar beets—but. very little is currently 
irrigated. The farms aro mamly beef ranches and inchide 
part of other soil associations in their acreage. This asso- 
ciation furnishes much of the feed grain and alfalfa needed 
for livestock. Some wheat is grown. The main concerns of 
Management are mamtaiming soil tilth and fertility, This 
association is a good source of sand and gravel that is 
good for road surfacing and fair for use in, concrete. 


11. Havrelon-Lohier-Lallie association 


Nearly level to undulating, deep, well-drained to very poorly 
drained, loamy to clayey soils 


This association consists of soils formed in calcareous, 
recent alluvium that has had little time for soil formation. 
Ib is on the former flood plain of the Missouri River. The 
river has not flooded bottom [ands since closure of the 
upstream Garrison Dam in 1952. The bottom lands were 
heavily wooded, but much of the acreage is now cleared 
and eultivated. This ciation is at the lowest elevations 
of the county. The alluvium has a wide range of textural 
stratification and some thin color stratification, Most of 
the association is nearly level _to slightly undulating. 

This association makes up about 4 percent of the county. 
Havrelon soils make wp about 50 percent of the association, 
Lohler soil 10 percent, and Lallie soils 10 percent, Minor 
soils make up about 30 percent. They are Trembles and 
Banks soils and Riverwash and Alluvial land. 

‘Havyrelon soils generally are nearly level and are midway 
between the river channel and the terrace. They have a 
surface layer of fine sandy loam to silty elay about 7 
inches thick. Beneath the surface layer is texturally 
stratified material that averages loam. 

The Lobler soil is nearly level and is near the terrace or 
the outer edge of the bottom lands. Lallie soils are in 
depressions and blocked channels at the outer edge or in 
wide deep channels that cross the bottom lands. Both 
Lohler aud Lallie soils have a surface layer of silty clay 
about 8inches.thick, Beneath the surface layer is texturally 
stratified material that averages silty clay. 


Trembles soils are mainly slightly undulating and are 
near the middle and edge of the bottom lands closest to 
the river. Banks soils are nearly level or undulating and 
are on inner bottom lands or duned topography. Allvvial 
Jand occupies drainageways close to the river channel, 
low bottom lands next to the river, and some islands within 
the channel]. Riverwash consists of sandbars occurring as 
islands in the channel or peninsulas connected to the 
bottom lands, 

More than half of this association is cultivated, and 
about 15 percent is irrigated. Alfalfa and corn raised for 
feed are the main irrigated crops. Some sugar beets are 
raised. This association has good potential for more irriga- 
tion development. Much of it is in mixed trees, brush, 
and grass used mainly for grazing. Wooded areas are being 
steadily cleared for cultivation. Most farms incluce part 
of other soil associations in their acrenge. They are mainly 
beef ranches or beef and cash grain farms. This association 
furnishes much of the feed grain, corn, and alfalfa needed 
for beef production. The main concerns of management 
are maintuining and improving soi] fertility and tilth. 
Removal of the silt load and extreme variations in water 
discharge from Garrison Dam have caused serious stream- 
bank erosion on the Missouri River. Extensive control 
measures are used to minimize this hazard on Banks, 
Trembles, and Havrelon soils. 


Descriptions of the Soils 


This section describes the soil series and. mapping units 
in Oliver County. Each soil series is described in. detail, 
and then each mapping unit in that series is described 
briefly. Unless it is specifically mentioned otherwise, it is 
to be assumed that what is stated about the soil series 
holds true for the mapping -units.in that series. ‘Thus, to 
got full information about any one mapping unit, it is 
necessary to read both the description of the mapping 
unit and the description of the soil series to which it 
belongs. 

An important part of the description of each soil series 
is the soil profile, that is, the sequence of layers Irom the 
surface downward to rock or ota underlying material, 
Each series contains two descriptions of this profile, The 
first is brief and in terms familiar to the layman. The 
second is much more detailed and is for those who need 
to make thorough and precise studies of soils. The profile 
described in the series is representative for mapping units 
in that series. If the profile of a given mapping unit is 
different from the one described for the series, these 
differences are stated in describing the mapping unit, or 
they are differences that are apparent in the name of the 
mapping unit. Color terms are for dry soil unless otherwise 
stated. 

As mentioned in the section ‘How ‘This Survey Was 
Made,” not all mapping units are members of o, soil series. 
Mine dumps, for example, do not belong to a soil series, 
but nevertheless are listed in alphabetic order along with 
the soil series. 

The names of some soils are unlike those appearing on 
recently published surveys in adjacent counties, This is 
due to change in concepts of soil series in the application 
of the soil classification system. 
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Following the name of each mapping unit is a symbol 
in parentheses. This symbol identifies the mapping unit 
on the detailed soil map, Listed at the end of each descrip- 
tion of a mapping unit is the capability unit, range site, 
and windbreek growp in which the mapping unit has been 
placed. The page for the description of each capability 
unit, range site, and windbreak group can be learned by 
referring to the “Guide to Mapping Units” at the back 
of this survey. 

The acreage and proportionate extent of each mapping 
unit are shown in table 1. Many of the terms used in 
describing soils can be found in the Glossary, aud more 
detailed information about the terminology and methods 
of soil mapping can be obtained. from the Soil Survey 
Manual (3).' 


Alluvial Land 


Alluvial land (0 to 4 percent slopes) (Aa) consists of 
stratified sedinients recently deposited by the Missouri 
River. The soils vary widely in texture but are mostly 
coarse textured and moderately coarse textured. They 
are subject to change through periodic overflow of the 
river. Because deposits are recent, there is little soil 
development. The slopes are nearly level to gently 
undulating. This land type is on drainageways in loamy 
and sandy bottom lands close to the river channel, on 
jow bottom lands next to the river, and on islands in the 
channel. It is flooded when the river is high and is poorly 
drained to somewhat poorly drained when the river is 
low. A high water table is present above a depth of 5 feet 
most of the time. Available water capacity is low to 
poles, and orgnoic-matter content and fertility are 
ow, 

Native vegetation consists of a thin to moderate stand 
of grasses and sedges and thick brush, The brush is 
mainly sandbar willow and cottonwood. This land type 
is used for wildlife and grazing. Management that pro- 
vides a protective plant cover is necded. (Capability 
unit Vw-Oy; Overflow range site; windbrcak group 10) 


Amor Series 


The Amor series consists of moderately deep, nearly 
level to hilly, well-drained, loamy soils on residual plains 
of the uplands. 

Tn a representative profile the surface layer is very 
dark grayish-brown Joam about 7 inches thick. The 
subsoil is mainly brown, friable heavy loam about 10 
inches thick, but the lower 3 inches is calcareous and 
prayer in color. Below the subsoil is light-gray, calcareous 
joam that extends to a depth of about 35 inches. Below 
this is stratified, soft, massive, fine-grained sandstone 
and loumstone. 

Amor soils are moderate in organic-matter content, 
fertility, available water capacity, and permeability. 
Soft bedrock moderately hinders the rooting of deep- 
rooted crops. Most areas are cnitivated and used mainly 
for small grains. ‘These sails are suited to small grains, 
erass, legumes, and, where slopes are less than 6 percent, 
corn, 

Representative profile of Amor loam in en area of Sen 
and Amor Joams, gently sloping, in native pasture, 35 


Vtalie numbers in parentheses refer to Literature Cited, p. 119. 


feet west and 950 feet north of the southeast corner of 
soc. 28, T. 142 N., R. 84 W. 


B2—7 to 14 inches, brown (UYR 5/3) heavy loam, dark 
brown (JO¥R 3/3) moist; patchy coutings of very 


dark grayish brown (LOY¥YR 3/2, moist) on horizon 
faces of peds; weak, coarse, prismatic structure and 
moderate, mediam, subangular blocky structure; 
hard, friable; common roots; many fine pores; ncutral; 
gradual, wavy boundary. 

B3—14 to 17 inches, grayish-brown (2.5¥ 5/2) heavy loam, 
dark grayish brown (2.5 Y 4/2) moist ;weak, coarse, pris- 
matic structure and weak, medium, subangular blocky 
structure; hard, friable; common roots; common fine 
pores; slightly effervescent; mildly alkaline; gradual, 
wavy boundary. 

Clea—17_ to “85 inches, light-gray (2.5Y 7/2) Joam, grayish 
brown (2.5Y 5/2) moist; weak, coarse and medium, 
subangular bloeky structure; hard, friable; few roots; 
common fines pores; violently effervescent ; some lime 
segregated on faces of peds; moderately altaline; 
gradual, wavy boundary. 

C2—35 to 60 inches, light-gray (2.5Y 7/2) stratified, soft, 
fine-grained sandstone and soft lonmstone, grayish 
brown (2,.5Y 5/2) moist; massive and weak, thie 
platy strueture; hard, friable; strongly effervescent; 
moderately alkaline. 

The A horizon has a color value of 3 te 4 when dry and 2 to 3 
when moist. The B horizon is loam or clay loam. It has a clay 
content of 18 to 30 percent and a content of fine and coarser 
sand of less than 50 percent. The B2 and B3 horizons have a 
hue of 2.5Y or 10YR, value of 4 or 5 when dry and 3 or 4 
when moist, and chroma of 2 or 3. Structure of the B2 horizon 
is wenk or moderate, prismatic and blocky. The B3 horizon is 
slightly effervescant in most places. The Cea horizon is loam 
or light clay loam, and typically is more than 10 pereent lime. 
The underlying beds are highly weathered, soft, fine-grained 
sandstone and loam and clay loam shales. Depth to carbonates 
ranges from 10 to 24 inches. 

Amor soils are associated with Sen, Morton, and Vebar soils, 
Amor soils have mare sand and less silt than Sen and Morton 
soils and le: nd than Vebar soils. 

The Amo: 1 this survey are mapped only in undiffer- 
entinted groups with Sen soils. 


Arnegard Series 


The Arnegard series consists of deep, well-drained, 
lonmy soils that formed in materials washed downslope. 
‘These soils are in upland swales, on valley fans, and on 
foot slopes. They have slopes of 0 te 9 percent. ‘They are 
mainly m small tracts and are well distributed throughout 
the county. : 

In a representative profile the surface layer is very 
dark grayish-brown. loam about 18 inches thick. The 
subsoil extends to a depth of about 40 inches and consists 
of friable loam. It is very dark grayish brown to a depth 
of about 32 inches and dark grayish brown below that 
depth. ‘The underlying material is grnyish-brown, light 
clay loam. 

Amegard soils are high in organic-matter content, 
fertility, and available water capacity. Permeability is 
moderate. 

Because these soils receive rimoff from surrounding 
soils, extra moisture is available to crops. These soils are 
used for crops, except in small tracts that are associated 
with soils that are suited enly to grass. Native trees and 
shrubs grow in some swales and on some north-facing 
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TaBLE 1.—Approgimate acreage and proportionate extent of the soils 


Soil Acres | Percent Soil Acres | Percent 
Alltivial land. 730 0.2 |] Mine dumps._-_-_----.- d. 
Arnegard 1} 9, 705 2.1 || Morton silt loam, nearly leve ‘ 
Arnegard loum, gently sloping- 10, 902 2.4 || Morton silt loam, gently slop 2, 
Armegard loam, sloping. 8384 .2 I) Morton silt loam, sloping. 1, 
Banks fine sand, rolling- 235 () i i 
Banks soils, gently undulating. 557 
Banks-Trembles fine sandy loanis, nea! Jevel_ 763 | 
Banks-Trembles fine sandy loams, vindulating.. 0 


Belfield-Daglim silt loams, nearly level. 
Belfield-Daghim silt loams, gently sloping. 
Belfield-Daglum silty clay loams, nearly Tov 
Relfield-Daghim. silty clay lonrns, ‘eontly sloping. 
Belficld-Morton silt loams, nearly level - 
Belfield-Moarton silt Joams, gently sloping 
Belfield-Morton silt. loams, sloping. 
Belficld-Siraw loams, nearly level_ 


er complex, steep-. 
Cabba-Weruer complex, very steep_ 
Cohagen-Sandstone outcrop, very stec] 
Cohngen-Vebar fine sandy loums, steep 
Colvin and Regnn silt loam 
Dimmich 
Farland silt lomn, nearly level 
land silt loam, gently sloping. 
Flaston Inamy fine sand, undulati 
Flaxton-Livona fine sandy loams, nearly lev 
Flaxton-Livonn fine sandy looms, undulating. 
on-Livona fine sandy loums, rolling. 
Flaxton-Williams loams, nearly level 
Flaxton-Williams loams, undulating_ 
Plaxton-Will 


ang soils, undulating 
ams soils, rolling--. 
Flaxton- aliens coke billy - 


Grail silty clay loam, slop 
sna, silt loam, nearly lave 
sna silt loam, gently sloping 
Gravel pits. 
Harriet complex 
Hayrelon loum 
Havrelon silty day loam. 
Havrelon silty clay_ 
Havrelon-Tromblés fine sandy loams 
Heil silty cla: 
Laltie silty clay. 
Lallie silty clay, very we 
Lawther silty clay, nearly level. 
Lawther silty clay, gently sloping_ 
Lefor fine sandy toxin, gently slopi 
Lihen leaty fine sand, nearly Level 
Lihen fine sandy loam, nearly 1 
Linton silt toam, sloping. 
Linton-Mandan silt loam: 
Dohler silty 
Mandan silt loam, nearly level_ 
Mandan silt loam, gently sloping. 
Mand.n silt lonm, gravelly substratum, nearly 
level 
Mandan silt 
sloping. 
Manning fin 


Pe RP DORMER ER DEHN WO WHNOU NMA OON EW HOH RORE ON RHR UR DEE 


. 8, 


ae 


Br. os 


| Son and Amor loams, nearly lew 
| Sen and Amor loams, gently sloping 


Parshall fine § a ndy loam, n. 
Parshall loam, nearly le 
Parshall loam, gently sloping. 
Parshall- Tally fine smady Lom 
Regan silt loam __ 
Regent silty clay [o: 


my, nearly lev 


Regent silty clay loam, gently sloping 


Regent silty clay Iowm, sloping--- 
Regent-Daghim silty dlay loams, r 
Regent-Daglum silty 


Rhoades-Duglum compiex, gently 


Ringling gravelly loan, very steep. 


Riverwash.-..22--.-1.--L----- 
Savage silty clay lour 
Sen-Werner loams, stopin fees 


Sen and Amor loams, sloping_ 
Sen and Amor loams, hilly. 
Stady loam, nearly level 
Stady-Lehr loams, gently sloping_ 
Stady-Lehr loams, sloping. 
Straw loam, nearly level, 
Straw loam, channeled. 
Strongly saline land_ 


Tally-P: arshall fine sandy loarns, gon 


Tally-Vebar fine sandy loams, neal 


Telfer-Lihen loamy fine sands, steep 


Temvik silt loam, nearly level. ___ 
Temvik-Williams silt loams, undu: 


Temvik- Williams sitt loams, rolling. 


Temvik- Williams silt, loams, hilly 
‘Tonka and Parnell silt lowms_ 

Vebar fine sandy loam, floping 
Vebar stony fine sandy L o@in, hilly. 


Vebar-Cohagen fine sandy loams, hilly 


» nearly level 


nearly level 


ny loans, gem ly sloping 
Regent-Da rgium, silty clay loams, slopi 


sloping. 


sloping-| 
level. 


Vebar-Tally fine sandy loams, gently sloping. - .. 


Vebar-Laliy loams, undulatin 
Vebar-Taily lonms, relling----. 
Valva ‘aw fie § andy loama_ 
Wabck gravelly loam 
Williams loam, near! 
Williams loam, und 
Williams loam, rolling- 
Williams stony loam, rollin 
Williams-Plaxton loams, rolling 
Williams-Zahl loams, hiily__ 
Zahl-Williams loams, hilty- 
7ahl-Williams foams, steep 

Water. 


461, 352 


CLES D we POOR ENE DOR RNR OD HURWAP ORR ROW OWN RRO REHOME RE ROME WH 


pe 


1 Less than 0.05 percent. 
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slopes. These soils are well suited to most crops commonly 
grown in the county, but they are not so well suited to 
corn where slopes are more than 8 percent. 
Representative profile of Arnegard loam, nearly level, 
in a cultivated field, 150 feet north and 360 feet east of the 
southwest corner ef the SEY sec. 27, T. 143 N., R. 85 W. 


Ap—0 to 6 inches, very dark grayish-brown (10YR 3/2) loam, 
very dark brown (LOY R 2/2) moist; weak, coarse and 
medium, blocky structure separating to weak, fine and 
medium, crumb stracture; shightly hard, friable; many 
roots; many fine pores; neutral; sbrupt, smooth 
boundary. 

Al12—6 to 18 inches, very dark grayish-brown (10YR 3/2) 
foam, very dark brown (10YR 2/2) moist; weak, 
coarse, prismatic structure separating to weak, coarse, 
subangular blocky structure; slightly hard, friable; 
common roots; many fine pores; neutral; gradual 
wavy boundary. 

B21—18 to 25 inches, very dark grayish-brown (1OYR 3/2) 
loam, very dark brown (O¥R 2/2) moist; weak, 
coarse, prismatic structure separating to weak, sub- 
angular blocky structure; slightly hard, friable; few 
thin coatings on prism faces; common rents; many 
fine pores; neutral; gradual boundary. 

B22--25 to 42 inches, dark grayish-brown (LOYR. 4/2) loam, 
very dark grayish brown (10¥R 3/2) moist; faces of 
prisms stained with very dark brown (10YR 2/2) 
maist; weak, coarse and medium, prismatic structure 
separating to moderate, coarse, subangular blocky 
structure ; slightly hard, friable; common thin coatings 
on faces of peds; a few roots; many fine pores; mildly 
alkaline; gradual boundary. 

B28—82 to 40 inches, dark. grayish-brown (2.5Y 4/2) loam, 
very dark grayish brown (2.5Y 3/2) moist; weak, 
moderate, prismatic structure separating to weak, 
coarse and medium, subangular blocky structure; 
slightly hard, friable; a few thin coatings on faces of 
prisms; o few roots; many fine pores; mildly alkaline; 
clear boundary. 

C—40 to 60 inches, grayish-brown (2,.5Y 5/2), light clay loam, 
dark grayish brown (2.5 ¥ 4/2) moist; weak, coarse an 
medium, subangular blocky structure; bard, friable; 
a few fine pores; moderately alkaline. 


The A horizon ranges from 10 to 22 inches in thickness, The 
B2 horizon commonly has slightly higher clay content than the 
A horizon, Tt is loam, silt loam, or light clay loam, and the clay 
content is commonly less than 80 percent. The horizon has 
weak to moderate coarse or medium, prismatic structure. In 
many areas there are thin, patchy clay films on the faces of peds. 
‘These horizon ranges from 10 to 30 inches in thickness. The B23 
horizon has a hue of 10Y¥R or 2.5Y, and in some places it is 
sandy loam. There is also a Cea horizon in the few places. Lime 
is both finely divided and segregated. The material in the lower 
part of the C horizon ranges from sandy to clayey and is related 
to the source of lacs] alluvium or kind of underlying rock. In 
the profile of these soils, material with a colar value darker 
than 5.5 when dry and 3,5 when moist ranges from 20 to 50 
inches thick, and typically extends through the B horizon. The 
sclum ranges from 20 to 450 inches in thickness, Depth to lime 
rangos from 30 to more than 60 inches. 

Arnegard, Grail, and Grassna scils are in similar topographic 
positions. The B and C horizons of Arnegard soils have coarser 
textures than those of Grail and Grassna soils. 


Arnegard loam, nearly level (0 to 3 percent slopes) 
(Ar A).—This soil occupies upland swales, valley fans, and 
foot slopes. It is mainly nearly level but ranges from level 
to very gently sloping, The size of areas varies greatly but 
is generally less than 40 acres. 

‘This soil has the profile described as representative of 
the series. Included_in mapping were small areas of Sen, 
Williams; Vebar, Grassna, Grail, Parshall, and Straw 
soils. Runoff is slow. 

Most of the runoff from surrounding soils is absorbed, 
except during the heaviest rains. This soil is used mainly 

or small grain, corn, and alfalfa, On many farms this soil 


is used for home gardens. It is well suited to all crops com- 
monly grown in the county. (Capability unit IIc-6; Over- 
flow renge site; windbreak group 1) 

Arnegard loam, gently sloping (3 to 6 percent slopes) 
(ArB).—Areas of this soil vary greatly in size but are 
genernlly smaller than 40 acres. 

This soil has a profile like that described as representa- 
tive for the series, except that the combined thickness of 
surface layer and subsoil is about 4 inches less. Depth 
to lime is between 40 and 60 inches in most places. Runoff 
is medium. 

Included with this soi! in mapping were small areas of 
me Williams, Vebar, Grassna, Grail Parshall, and Straw 
soils. 

Much of the runoff from surrounding soils is absorbed, 
except during heavy rains or when the soil is frozen. 
Water erosion is a moderate hazard, especially on unpro- 
tected long slopes, This soil is used mainly for small 
grains, corn, and alfalfa. It is fairly well suited to corn 
and well suited to all other crops commonly grown in the 
county. (Capability unit ITe-6; Silty range site; wind- 
break group 1) 

Arnegard loam, sloping (6 to 9 percent slopes) (ArC).— 
This soil is on lower side slopes below areas of hilly to steep 
or very steep soils. Areas are mainly long aud narrow and 
less than 15 acres in size. 

This soil has a profile like that described as representa- 
tive for the serics, except that the combined thickness 
of the surface layer and subsoil is about 6 inches less. 
Depth to lime is between 40 and 60 inches in most places. 
Runoff is medium to rapid. 

Included with this soil in mapping were small areas of 
Sen, Williams, and Vebar soils and a Jew small areas of 
Parshall and Grail soils. 

Some of the runoff from surrounding soils is absorbed 
during gentle rains. Water erosion is a serious hazard on 
unprotected slopes. This soil is used mainly for grass, 
legumes, and smull grains. [Intensive measures are needed 
to prevent excessive losses of soil and water if corn is 
grown. ‘Lhis soil is well suited to grasses and legumes and 
fairly well suited to small rains. (Capability unit ITle-6; 
Silty range site; windbreak group 1) 


Banks Series 


The Banks series consists of deep, nearly level to rolling, 
somewhat excessively drained soils of bottom lands along 
the Missouri River. The terrain is mainly nearly level to 
undulating, but there are a few areas of dune topography 
that are rolling to hilly. These soils generally occupy levees 
and bottom Jands adjacent to the river channel. They 
formed in thinly stratified sediments that are mainly 
coarse textured. These sediments were deposited by flood- 
water only recently, and therefore there has been little 
soil development. The pattern of surface drainage is indis- 
tinct, but drainage is generally parallel to the river channel, 

In a representative profile, the surface layer is grayish- 
brown fine sandy loam, about 5 inches thick. Below 
the surface layer is loose to very friable, light brownish- 
gray, loamy fine sand and fine sand. Interspersed between 
these layers are thin strata of fine sandy loam and loam, 
These soils are calcareous throughout the profile. 
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Banks soils have low organic-matter content, fertility, 
and available water capacity. They have rapid per- 
meability. 

Intensive Sp pboiien of commercial fertilizer, manure, 
and crop residue is needed to increase organic-niatter 
content and fertility and to control erosion, Leaving belts 
of native trees, when clearing, helps to control erosion. 
Banks soils are used mituly for pasture. Most of them. 
are better suited fo grasses and legumes than to most 
other crops. They are only fairly well suited to small 
grams ancl corn. 

Representative profile of Banks fine sandy loarn in an 
areca of BanksTrembles fine sandy loams; nearly Jevel, 
in tame pasture, 1,320 feet north of the center of sec. 31, 
T. 144.N., RB. 81 W. 

Al-—0 tio 4 inche: 
diurk gr: 
course, Sil 


h brown (2. 
ingular blocky 


ingle grained; 


dark grayish brown (2. 
effervescent; mildly 


4 
loose; many roots; slightly 
alkaline; clear, wavy boundary. 

TITC2—14 to 36 inches, light brownis 
fine sand, dark grayish brown (2.5Y 4/2) moist; very 
weak, thick, platy  strusture rating easily to 
single grained; very friable, loose; a few roots; slightly 
effervescent; mildly alkaline; abrupt, wavy boundary. 

TVC3—36 to 41 inches, light brownish-gray (2.5Y 6/2) fine 
sandy loam, vish brown (2.5Y 4/2) moist; 
weak,  thiel, friable, soft; 


y (2.5Y 6/2) loamy 


platy 
slightly effervescent; mildly alkaline; clear, wavy 
boundary. 


VO4—41 (o 60 inches, light brawnish-gray (2.8 ¥ 6/2) stratified 
loamy fine sand and fine sind; slightly effervescent; 
mildly alkaline, 


The Al horizon ronges {ror 3 to 9 inches in thickness, from 
grayish brown to light brownish gray in color, and from fine 
sand to silty clay lonm in texture. In some places, it has slightly 
darkened horizontal bands less than J inch thick. Below the Al 
horizon, in ss few places, it has distinct to faint, brown or dark 
yellowish-brown mottle 

Banks soils are 4 


ciated with Trembles soils. 
and Riverwash. The texture of Banks soils is ¢ ar below the 
Al horizon ¢han in Trembles soils. Banks soilg are better 
drained than Alluvial land, and better drained and more stable 
than Riverwash. 

Banks fine sand, rolling (2 to 10 percent slopes) 
(BaC).—This soil occupies some of the ridges or duned 
areas near the Missouri River channel. Relief ranges from 
10 to 25 feet higher than the nearly level bottom lands, 
and slopes are generally less than 100 feet long. As much 
as 20 percent of some hilly areas is blowout spots. This 
soil is associated with Alluvial land and with Trembles, 
Havrelon, and other Banks soils. 

This soil has a profile similar to the one described as 
representative for the series, except that the surface layer 
is fine sand, Runoff is medium. 

Tucluded with this soil in mapping were some areas of 
Banks loamy fine sand and a few narrow areas of Alluvial 
land. Also included were small areas of Banks and ‘I'rem- 
bles fine sandy Jonms and joams. ‘The included areas are 
fess than 3 acres in size, except for areas of Banks loamy 
fine sand, which range up to 10 acres. 


This soil has a cover of trees and brush and a sparse 
understory of tall grasses. It, is used mainly for grazing. 
Tho main concerns of management are controlling erosion 
and conserving moisture. Proper stocking. distribution of 


Alluvial Lund, 
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grazing, and restricting livestock from eroded spots during 
establishment of cover are the main management needs. 
This soil is suited to permanent pasture. (Capability unit 
Vie-TS; Thin Sands range site; windbreak group 7) 

Banks soils, gently undulating (2 to 5 percent. slopes) 
(Bb A).—This complex consists of Banks lonm and Banks 
silty clay loam. ‘These soils are on the inner part of bottom 
lands along the Missouri River. The slopes are mainly 3 
percent and range from 25 to 206 feet in length. Local 
relicf is as much as 10 feet in places. ‘Che soils that have 
a surface layer of loum ave generally in the higher areas, 
and those that have a surface layer of silty clay loam 
are im the Jower areas. This complex is associated with 
and lies between arcas of Havrelon loam, Banks fine 
sandy loam, and Banks loamy fine sanc. Banks silty 
clay loam makes up about 54 percent of the complex, and 
Banks loam 38 percent. 
The Banks soils in this compiles have a profile similar 
to that described as representative for the series, except 
that the surface layer is about 3 inches thicker and is 
loam or silty clay loam. Runoff is slow. 

Included with this soil in mapping were small areas of 
Trembles silty clay loam, Trembles loam, and Havrclon 
loam. 
The soils in this unit are not so susceptible to erosion 
as Banks soils in other units. About half of the ncreage 
is cultivated, but trees, shrubs, and tall native grasses 
grow on the rest of the acreage that is used mainly for 
pasture. The soils of this complex are fairly well suited 
to small grains and corn. (Capability unit HTe-7; Over- 
flow range site; windbreak group 7) 

Banks-Trembles fine sandy loams, nearly level (0 to 3 
percent slopes) (Bc A).—This complex generally is on the 
Missouri River bottom lands immediately adjacent to 
the river channel. Slopes range from 25 to 200 feet in 
length and topography is smeoth to slightly undulating. 
‘This soil complex is associated with areas of Banks and 
Trembles loam and siliy clay loam and Ifavrelon loam, 
Banks fine sandy loam makes up about 60 percent of the 
complex, Banks loamy fine sand 15 percent, and 
Trembles fine sandy loam 20 percent. 

The Banks and Trembles soils in this complex have 
the profiles described as representative of their respective 
series. In some places, however, they have a surface layer 
of loamy fine sand. Runoff is very slow. Included in 
mapping were small areas of Havrelon loam. 

About one-third of the acreage is cultivated, but brush, 
trees, and tall native grasses grow on the rest of the 
acreage that is used mainly for pasture. ‘These soils are 
fairly well suited to small grains and corn, but practices 
that adequately control soil blowing are needed. (Capa- 
bility unit [Ve-3 ; Overflow range site; Banks part in wind- 
break group 7, and Trembles part in windbreak group 1) 

Banks-Trembles fine sandy loams, undulating (3 to 6 
percent slopes) (BcB).—This complex generally is on the 
Missouri River bottom linds immediately adjacent to the 
river channel. Most slopes are less than 50 feet long. 
Topography ranges from gently undulating to sharply 
ridged. The complex is associated with areas of Banks 
and Trembles loam and silty clay leam and Havrelon 
loam. Banks fine sandy Joam makes up about 55 percent 
of the complex, and Trembles fine sandy loam about 35 
nereent. Runoff is slaw 
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Iududed with these soils in mapping were seme areas 
of Banks loamy fine sand and Havrelon loam. 

About one-fourth of the acreage is cultivated, but brush, 
trees, and tall native grasses grow on the rest of the 
acreage that, is used mainly for pasture, These soils are 
fairly well suited to small grains and corn, but adequate 
control of soil blowing is needed. (Capability unit [Ve-3; 
Overflow range site; Banks part in windbreak group 7, 
and ‘Trembles part in windbreak group 1) 


Belfield Series 


The Bolfield series consists of deep, nearly level to 
sloping, well-drained, Joamy soils on uplands, on terraces, 
and in swales. These soils have plane or concave slopes, 
and they have a moderately dense elaypan at a depth of 
7 to 20 inches. : , 

In a representative profile the surface Jager is dark- 
gray silt loam sbout 7 inches thick. Below the surface 
layer is a transitional layer of friable, dark-gray, light 
silty clay loam about 3 inches thick. ‘The subsoil is friable 
silty clay that extends to a depth of ahout 28 inches. 
The upper part is dark grayish brewn, and the lower part 
is grayish brown. Below this is dark grayish-brown silty 
clay Toun to a depth of about 46 inches, and light clive- 
brown and grayish-brown clay loam below this depth. 

The movement of water ond the growth of plant reets 
ae moderately restricted in the elaypan subsoil. Se 
soils have moderate organic-matter content and fertility 
and high available water capacity. 

Tho offect of the claypan on water and roots can be 
lessened by growing legumes and adding crop residues 
and manure. Most areas are cultivated and used [or small 
grains, corn, und alfalfa, They are not so well suited to 
corn as to small grains, grasses, and legumes 

Representative profile of Belfield silt Joam in an area 
of Belfield-Daglum silt loams, nearly level, in tame grass, 
200 feet south and 195 feet west of the northeast corner 
of the SE% sec. 10, T. 142 N., R. 85 W. 

Al—O to 7 inches, dark-gray (10Y 1} silt loam, very dark 
brown (LOY R 2/2) mois k, thin, platy structure 
in upper part, weak, medium, prismatic structure in 
lower part; bard, able; many roots; common fine 
pores; slightly acid; clenr, wavy boundary. 

A&B—7 to 10 inches, dark-gray (IOYR 4/1) light silty 
loam (B2t), very dark brown (1OYR 2/2) ma 
weak, coarse, prisriatic structure separating to weak, 
medium, platy and moderate, fine, subangular 
blocky structure; coated with gray (LOYR 5/1) sand 
grains (A2); hard, friable; thin patchy clay films on 
peds; inany roots; many very fine pores; slightly 
acid; clear, wavy boundary. 

B2t—1D to 19 inches, dark grayish-brown (IOYR. 4/2) silty 
clay, very dark grayish brown (lOYR 3/2) moist; 
strong, coarse, prismatic structure; thin continuous, 
very dark brown (IOYR. 2/2) mast clay films on peds; 
extremely hard, friable; coated with common clear 
sind grains; common roots; many very fine pores; 
nectral; gradual, wa 

B3Ca—I9 to 28 inches 
very dark gra 
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ity clay, 

Y 3/2) moist; strong, 
coarse, prismatic structure remely hard, friable; 
coated with a few blenched sind grains; thin, patchy 
clay films on peds; commen roots; many very fine 
pores; moderately effervescent; a few salt nests; 
wildly alkaline; clear, wavy boundary. 

Allb—28 ta 85 inches, dark grayish-brown (2.5Y 4/2) silty 
clay loam, black (2.5Y 2/2) moist; moderate, coarse, 
prismatic structure separating to moderate, mediur 
und fine, subangular blocky structure; very hard, 


friable; thin, patehy clay films on peds; common roots; 

y fine pores; strongly cffervescent; common small 

threads and nodules of lime; moderately alkaline; 

gradual boundary. 

5 to 46 inches, dark grayish-brown (2.5Y 4/2) silty 

loam, black (2.4Y 2/2) moist; weak, medium, 

matic structure separating to wesk, medium and 
fine, subangular blocky structure; bard, friable; 
common to few reots; many fine pores; stcongly 
eflervescent; common small threads and nodules of 
lime; moderately alkaline; clear boundary. 

Clca—46 to 54 inches, light olive-brown (2.5 Y 5/4) clay loarn, 
olive brawn (2.4¥ 4/4) moist; common, medium, 
distinct mattles of dark yellowish hrown C0YR 4/6) 
moist; very hard, friable; violently effervescent; 
common small thretds and nodules of lime; elear 
boundary. 

C2—4 to 60 inches, grayish-hrown (2.5 Y 5/2) clay loam, dark 
gravish-prown (2.5¥ 4/2) moist; common, medium, 
distinet mottles of dark yellowish brown (IOYR, 4/6); 

hard, friable; strongly effervescent; moderately 

ine. 


The Al horizon is loam, silt loam, or silty clay loam. The 
Aland A & B horizons have a chroma of 1 or 2 when dry. In 
plowed areas, the Al liorizon has weak, medium to fine, sub- 

l blocky and granular structure. The B2t horizon is 
silty or silty cluy loam and has a color value of 4 to 5 
when dry and 3 or 4 when moist. It has shrong, coarse or 
medium, prismatic structure separating to strong, medium 
and fine, angular blocky. The Cca borizon has few to many 
lime spots. The C horizon ranges from sandy and loamy 
alluviurn to partly weathered soft shals, siltstone, and sand- 
stouc. The solum ranges from 20 to 50 inches in thicknes 
Colors that have ® value darker ¢han 5.5 when dry and 3. 
when moist extend to depths of 7 to 50 inches. A thicker, 
durker colored solum and darkened buried horizons are com- 
inon in swales and on terraces. Depth to carbonates ranges 
from 18 to 35 inches. 

Belfield soils are associated with Rhoades and Daglum 
soils. Belfield soils do not have strong columnar structure in 
the B2t horizon, wheress Rhoades and Dagium soils do have 
this structure, 

Belfield- Daghim silt loams, nearly level (0 to 3 percent 
slopes) (Bd A).—This complex consists of well-drained, 
deep, friable soils that have a moderately dense claypan 
and moderately well drained, deep sails that have a dense 
clnypan. It is in swales throughout the county. Bolfield, 
Daglum, and Grail soils ure intricately mixed in the com- 
plex. Belfield silé loam makes up about 50 percent cf the 
complex, Daglum silt loam 25 percent, and Grail silt 
loam 20 tate 

The Belfield soil has the profile described as representa- 
tive for the series. The Daglum scil has a profile like that 
described as representative for its series, except that the 
surface layer and subsoil are darker colored and their com- 
bined thickness is about 4 inches greater. Runoff is slow, 
but these soils receive runoff from the surrounding higher 
areas. Included in mapping wore small areas of Rhoades 
soils. 

Practices are neoded to improve the permeability of the 
claypan, and control of erosion is needed on long slopes. 
Most of the acreage is cultivated and is used mainly for 
corn and small grains. These scils are well suited to grasses 
and fairly well suited to small grains, corn, and legumes. 
(Capability unit II[s-6P; Belfield part in Clayey range 
site, and Daglum part in Claypan range site; Belfield part 
in windbreak group 4, and Daglum part m windbroak 
group 9) 

Belfield-Daglum silt loams, gently sloping (3 to 6 per- 
cent slopes) (BdB).—This complex consists of well- 
drained, deep, friable soils that have a moderately dense 
claypan, and moderately well drained, deep scils that have 
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a danse claypan. It is in swales throughout the county. 
Belfield, Daglum, and Grail soils are intricately mixed in 
this complex. Belfield silt loam makes up about 45 percent 
of the complex, Daglum silt loam 25 percent, and Grail 
silt loam 20 percent. 

The Daglum soil has © profile like that described as 
representative fer its series, except that the combined 
thickness of the surface layer and subsoil is about 4 
inches greater. Runoft is medium, and the soil receives run- 
off from the surrounding higher areas. Included in map- 
pig were several smal} arens of gently sleping Belfield 
and Straw soils along the Square Butto and Otter Crecks 
and some small areas of Rhoades soils. 

Practices are needed that improve permeubility of the 
claypan and control water erosion. Most of the acreage is 
cultivated and used for small grains. The soils are well 
suited to grasses and fairly well suited to small grains and 
legumes, and if water erosion is adequately controlled, 
they are fairly well suited to corn. (Capability unit 
TTe-6P; Belfield part in Clayey range site, and Daglum 
part in Claypan range site; Belfield part in windbreak 
group 4, and Daglum part in windbreak group 9) 

Belfield-Daglum silty clay leams, nearly level (0 to 3 
percent slopes) (BeA)—This complex consists of well- 
drained, deep, friable soils that have a moderately dense 
claypan and moderately well drained, deep soils that have 
A dense claypan, It is mainly in swales on residual up- 
lands. Bellield, Daghm, and Grail soils are intricately 
mixed in the complex. Belfield silty clay loam makes up 
about 45 percent of the complex, Daglum silty clay loam 
30 percent, and Grail silty clay loam 20 percent. 

The Belfield soil in this complex has a profile like the one 
describerl as representative for the series, except that the 
surface layer is silty clay loam. The Daglum soil has a 
profile like the one described as representative for its 
sories, except that the surface layer is silty clay loam and 
tho surface layer and subsoil are darker colored and their 
combined thickness is 4 inches greater. Runoff is slow. 
Included in mapping were small areas of Rhoades soils. 

These soils receive extra moisture through runoff from 
surrounding higher areas. They are resistant to soil 
plowing. Management practices are needed to improve 
permeability of the claypan, to.maintain soil tilth, and to 
control water erosion on loug slopes. Most of the acreage 
is cultivated and used mainly for small grains. The soils 
aro well suited to grasses, fairly well suited to small 
grains and Icgumes, and poorly suited to corn. (Capability 
unit I[Is-7P; Belfield part in Clayey range site, and 
Daglum part in Claypan range sile; Belfield part in 
windbreak group 4, and Dagtum part in windbreak group 
9 


Belfield-Daglum silty clay lozms, gently sloping 
(3 to 6 percent slopes) (BeB).—This complex consists of 
deep, well-drained, friable soils that have a moderately 
dense claypan and deep, moderately well drained soils 
that have a dense claypan. It is mainly in swales on 
residual uplands, Belfield, Daglum, and Grail soils are 
intricately mixed in the complex. Belfield silty clay loam 
makes up about 45 percent of the complex, Daglum silty 
clay loam 30 pereent, and Grail silty clay loam 20 percent. 

The Belfield soil has profile similar to that described 
as representative for the series, except that the surface 
layer is silty clay loam. The Daglum soil has a profile 
tasiilar to that described as representative for its scries, 
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except that the surface layer is silty clay loum and the 
surface layer and subsoil are darker colored. Runoff is 
medium, Included in mapping in some places were small 
areas of Rhoades soils. 

These soils receive extra moisture threugh runoff from 
surrounding higher areas. Practices are needed that im- 
prove permeability of the claypan, maintain soil tilth, 
and control water erosion. Most of the acreage is cultivated 
and used for small grains. The soils are well suited to 
grasses, fairly well suited to small grains and legumes, 
and poorly suited to corn. Unless control of water erosion 
is adequate, soil losses are excessive in fields where row 
crops are grown. (Capability unit [[le-7P; Belfield part 
in Clayey range site, and Daglom part in Claypan range 
site; Belfield part m windbreak group 4, and Daglum 
part in windbreak group 9) 

Belfield- Morton silt loams, nearly level (0 to 3 pereent 
slopes) (Bm A).—This complex consists of well-draimed, 
decp and moderately deep, friable soils on residual wp- 
lands. The Belfield soil has 2 moderately dense claypan 
and concave slopes, and the Morton soil has convex 
slopes. Belfield silt loam makes up about 50 percent of the 
complex, and Morton silty loam 40 percent. In a few places 
Daglum soils make up as much as 30 percent of the com- 
plex but less than cithor Belfield or Morton soils. 

Tho Belfield soil has « profile like that described as 
representative for the series, except that it has soft, 
stratified silty and loamy shale between depths of 30 and 
60 inches in many places. Runoff is slow. Included in 
mapping were small areas of Daglum, Rhoades, and 
Grail soils. 

Pructices are needed that improve the penctration of 
roots and moisture in the claypan. Most of the acreage is 
cultivated and used mainly for small grains, corn, and 
alfalfa. The soils are well suited to grasses and small 
grains and fairly well suited to corn and legumes. (Capa- 
bility unit IIs-6P; Belfield part in Clayey range site, and 
Morton part in Silty range site; Belfield part in windbreak 
group 4, and Morton part in windbreak group 3) 

Belfield-Morton silt joams, gently sloping (3 to 6 
percent slopes) (BmB).—This complex consists of well- 
drained, deep and moderately deep, friable soils on 
residual uplands. The Belfield soil has s moderately dense 
claypan and concave slopes, and the Morton soil has 
convex slopes. Belfield silt loam makes up about 50 per- 
cent of the complex, and Morton silt Joum 40 percent. 
In a few places, Daglum soils make up as much as 30 
percent of the complex but less than Belfield or Morton 
soils. 

The Belfield soil has a profile similar to that described as 
representative for tha series, except that is has soft, 
stratified, loamy and silty shale between depths of 36 
and 60 inches in most places. Runoff is medium. Included 
in mapping were small areas of Daglum, Rhoades, and 
Grail soils. 

Praciices are needed to improve the penetration of roots 
and moisture in the claypan and to control water erosion. 
Most of the acreage is cultivated and used mainly for 
amall grains. The soils are well suited to grasses and 
fairly well suited to small grains, corn, and legumes. 
Unless control of water erosion is adequate, soil losses 
aro excessive in fields where row crops are grown. (Capa- 
bility unit [[Ie-6P; Belfield part in Clayey range site, 
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and Morton part in Silty range site; Belfield part in wind- 
break group 4, and Morton part in windbreak group 3) 

Belfield-Morton silt loams, sloping (6 to 9 percent 
slopes) (BmC),—This complex is on residual uplands, and 
it consists of well-drained, deep and moderately deep, 
frinble soils. The Belfield soil has a moderately dense 
claypan and concave slopes, and the Morton soil has 
convex slopes. Belfield silt loam makes up about 55 per- 
cent of the complex, and Morton gilt loam 35 percent. 
In a few places, Daglum soils make up as much as 30 
Deen of the complex but less than Belfield or Morton 
soils. 

The Belfield scil has a profile like that described as 
representative for the series, except that it has soft, 
stratified, silty and loamy shale between depths of 30 and 
60 inches, Runoff is medium to rapid. Included ir mapping 
were small arcas of Daghum, Rhoades, and Grail soils. 

Practices are needed to improve the penetration of roots 
and moisture in the claypan and to contro] water erosion. 
About half the acreage is cultivated and used mainly for 
small grains. Unless control of water erosion is adequate, 
cultivated areas are subject to excessive losses of soil and 
water. These soils are well suited to grasses, fairly well 
suited to small grains and legumes, and. poorly suited to 
corn. (Capability unit [Ve-6P; Belfield part in Clayey 
range site, and Merton part in Silty range site; Belfield 
part in windbreak group 4, and Morton part in windbreak 
group 3) 

Bel field-Straw loams, nearly level (0 to 3 percent slopes) 
(Bs A).—This complex is on stream terraces and bottom 
lands and consists of deep, well-drained soils. The Belfield 
soil has a moderately dense claypan. Belfield loam makes 
up about 50 percent of the complex and Straw loam about 
40 percent. In a few places, Daglum loam makes up as 
much as 25 percent of the complex, but less than either 
the Belfield or Straw soils. 

The Belfield soil has « profile similar to that described 
as representative for the series, except that it has stratified 
sandy to loamy alluvium below a depth of 36 inches in 
most places. Runoff is slow. Included_in mapping were 
small areas of Daglum, Arnegard, and Rheades soils. 

Practices are needed that improve the penctration of 
roots and moisture in the claypan. Most of the acreage is 
cultivated and used mainly for small grains, corn, and 
alfalfa. Tho soils are well suited to grasses and small 
grains and fairly well suited to corn and legumes. (Capa- 
bility unit [[s-6P; Belfield part in Clayey range site, and 
Straw part in Silty range sile; Belfield part in windbreak 
group 4, and Straw part in windbreak group 1) 


Cabba Series 


The Cabba series consists of shallow, well-drained, eal- 
careous, lonmy soils that have a thin solum. These soils 
are on tosdual ulimit, mainly along steep drainageways. 
They have convex slopes of 9 to 50 percent. Beds of 
stratified soft shale lie between depths of 5 and 20 inches. 

Tn o representative profile the surface Jayer is light 
brownish-gray silt loam about 6 inches thick. Below this 
is a vory friable, pale-yellow silt loam to a depth of 14 
inches. The underlying material is pale-yellow and yellow, 
soft, weathered shale. 

Cabba soils are low in fertility, organic-matter content, 
and available- water capacity, Permeability is moderate. 
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Rooting is restricted in the shaly underlying material. 
Native grasses ure mainly little bluestem, side-oats grama, 
and plains muhly, Neurly all of these soils are used for 
range, and they are better suited to range than to most 
other farm uses. They are suited to native hay in areas 
that are free of stones and rock and in areas that have slopes 
of less than 12 percent. . 

Representative profile of Cabba silt loam in an area 
of Cabba-Werner complex, very steep, in native grass, 
50 feet north and 1,320 feet west of the southeast corner 
of sec, 6, T.143 N., R. 83 W. 

A1—O to 6 inches, light brownish-gray (2.5¥ 6/2) silt loam, 
dark grayish brown (2.5Y 4/2) moist; weak, coarse, 
subangular blocky structure separtiting to weak, fine, 
erumb structure; slightly hard, very friable; slightly 
effervescent; mildly alkaline; clear, wavy boundary. 

Clea—6 to 14 inches, pale-yellow (5Y 8/3) sili: loam, pale 
olive (SY 6/3) moist; weak, coarse, subangular blocky 
structure separating to weak, thick, platy structure 
in the lower part; slightly hard, very friable; violently 
effervescent; moderstely alkaline; abrupt boundary. 

JI1C2—14 to 30 inches, pale-yellow and ycllow (5Y 8/8 and 
7/6), light silty clay loam shale, pile olive and olive 
(5Y 6/8 and 5/0) moist; common, medium, prominent 
dark-brown (7.5YR 4/4, moist) mottles; weak, thick 
and medium, platy structure; slightly hard, friable 
when erushed; sticky and plastic; strongly elferves- 
cent; moderately alkaline; abrupt boundary. 

IIIC3—30 to 60 inches, pale-yellow (5 Y 8/8 and 7/4) silt loam 
shale, pale olive and olive (5Y 6/3 and 5/4) moist; 
many coarse, prominent mottles of yellowish brown 
(10YR 5/8) moist; weak, thick, platy structure; 
slightly hard, friable when crushed; violently cffer- 
vescent; moderately alkaline. 

‘The Al horizon ranges from 2 to 7 inches in thiekness. It is 

free of lime in places. It has a hue of 2.5Y or 10VR and a 

value of 5 or 6 when dry. The C horizon has a hue of 5Y or 

2.5¥. In places silicified stones and glacial stones and boulders 
are common on the surface. A few places have hard sedimen- 
tary rook below 2 depth of 20 inches. The soil, to « depth of 
20 inches, ranges from very fine sandy loam to light silty 
clay loam. . 

Cabba soils are associated with Werner and Cohagen soils. 
Cabba soils have a lighter colored Al horizon than Werner 
soils. They contain more silt and less sand than Cobagen soils 


Cabba-Shale outcrop complex, very steep (15 to 50 
percent slopes) (CaE).—This complex consists of well- 
drained, shallow, loamy soils and Shale outcrop on sides 
and tops of ridges and on valley side slopes, It is mainly 
on valley breaks along streams that are tributaries to the 
lower part of Square Butte Creek and to the Missouri 
River. Cabba soils and outcrops are on the tops and 
crests of narrow ridges and very steep side slopes. Werner 
soils are on the gentler side slopes and broad ridgetops. 
Generally, the surface layer is loam or silt loam, but it 
ranges from very fine sandy loam to light clay loam. 
Cabba soils make up about 50 percent of the complex, 
Shale outerops 25 percent, and Werner soils 15 percent. 

Cabba and Werner soils have profiles similar to those 
described os representative for their respective serics, 
except for variations in texture of the surface layer. Also, 
the surface layer of Cabba soils is about 2 inches thinner 
than typical, Shale outcrops are mainly loamy but are 
clayey in some places. Runoff is very rapid. . 

Included in mapping were small areas of Grail and 
Arnegard soils, small areas of outcrops of siltstone, loam- 
stone, and sandstone, and a soil that has bedded shale at 
a depth between 20 and 30 inches. 

Control of erosion and maintenance of organic-matter 
content and fertility are major concerns of management, 
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Nearly all the acreage is in native range. The soils are 
suited only to peri manent grass. (Cabba purb i in capability 
unit Vile-Sw, Shallow range. site, and windbreak group 
10; Shale outcrop part nob in a capability unit; range 
site, or windbreak group) 

Cabba- Werner complex, steep (9 to 18 pereant slopes) 
(CbD).—This complex consists of well-draied, shallow, 
Joarny soils on side slopes and tops of ridges and on v: alley 
side slopes. Cabba soils are on the tops and crests of narrow 
ridges. Werner soils are on side slopes and broad vidgetaps. 
Glacial and silicified stones are common on the surface 
in most places but numerous in some places. Cabba. soils 
make wp about 45 percent of the complex, and Werner 
soils 45 percent. 

Cabba and Werner soils have profiles similar to those 
described as representative for their respective series, 
excopt for variation in the texture of the surface Jayer. 
The texture of the surface layer is mainly sitt Loar or 
loam, but it ranges from very fine sandy loam to light 
clay loam, Also Cabba soils havo a slightly darker colored 
surface Inyer when dry. Runoff is “rapid. Included in 
mapping were small areas of Straw, Zahl, Arnegard, and 
Grail soils and a soil that has bedded shale at a depth 
between 20 and 30 inches. 

Control of erosion and maintenance of fertility and 
organic-matter content are the major concerns of man- 
agement. Almost all the acreage is in native range, bub 
some areas on. the lower side slopes and in swales are cut 
for hay. The soils are suited only to permanent grass. 
(Capability unit VIe-Sw; Shallow range site; windbreak 
group 10) 

Cabba-Werner complex, very steep (15 to 40 percent 
slopes) (CbE),—This complex consists of well-drained, 


shallow, [onmy soils on side slopes and tops of ridges and 
on valley side slopes. It is mainly on the valley broaks of 
streams that are tributaries to the lower part of Square 
Butte ‘Creck and to the Missourt River fer. 4), Cabba 
soils are on the tops and. crests of narrow ridges and very 
steep side slopes. Werner soils are on the gentler sido 
slopes land broad ridgetops. Glacial and silicified stones 
are common. in most places but numerous in some places. 
Cabba: soils make up about 55 percent of the complex, 
and Werner soils 35 percent. 

Cabba and Werner soils have the profiles described as 
representative for their respective series. The texture o 
the sueface layer is mainly silt loam or loam, Dut it ranges 
from very. fine sandy loam to light elay oam. Runoff 
is very rapid. Included in mapping were small areas of 
Straw, Zahl, Arnegard, and Grail soils and a soil that has 
bedded shale at a depth between 20 and 30 inches. 

Control of erosion and maintenance of fertility and 
organic-matier content are the main concerns of manage- 
ment. Almost all the acreage is in native range. Very little 
is suited to hay. These soils are more subject to water 
erosion and produce less forage than those of the Cabba- 
Werner complex, 9 to 15 percent slopes, They are suited 
only to permanent grass. (Capability unit Vile-Sw; Shal- 
low range site; windbreak group 10) 


Cohagen Series 


The Cohagen series consists of well-drained, loamy 
soils on residual uplands, These soils have slopes of 15 
to 50 percent. They are mainly at the higher elevations 
in the county. Depth to soft sandstone is 4 to 20 inches. 


Figure 4.—Area of Cabba-Werner complex, very stecp, on breaks along streams. In background is Square Butte. 
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In a representative profile the surface layer is grayish- 
brown fine sandy loam about, 3 inches thick, The under- 
lying material, to a depth of about 37 inches, is fine sandy 
loam that is ight brownish gray in the upper purt and light 
yellowish brown and light olive brown in the lower part. 
Below this is pale-yellow and light yellowish-brown, soft 
sandstone that has fine sandy loam texture when crushed. 

Cohagen soils are low in fertility, organic-matter con- 
tent, and available water capacity, Permeability is mod- 
erately vapid. Rooting is restricted in the underlying 
sandstone material. 

Nearly all of these soils are used for range and are better 
suited to range than to most other farm uses. They are 
suited to native hay in areas that are free of stones and 
rocks’ and that have slopes of less than 12 percent. The 
native grasses are mainly prairie sandreed, little bluestem, 
plains muhly, side-outs grama, needle-and-thread, and 
upland sedges. 


Representative profile of Cohagen fine sandy loam in 
an area of Cohagen-Vebar fine sandy loams, steep, in native 
grass, 250 feet north and 280 feet west of the southeast 
corer of the SW sec. 29, PT. 143 N., R. 85 W. 


AI—0 to 3 inches, grayish-brown (10 YR 5/2) fine sandy loam, 
very dark grayish brown (1GYR 3/2) moist; weak, 
fine, subangular blocky structure separating to weak, 
medium, granular structure; slightly hard, very 
friable; many reots; slightly clfervescent; mildly 
alkaline; clear, wavy boundary. 

Cl—8 to § inches, light brownish-gray (2.5Y 6/2) fine sandy 
Joam, dark grayish brown (2.5Y 4/2) moist; weak, 
tusdium and fine, subangular blocky structure: 
slightly hard, very friable; common roots; slightly 
effervescent; mildly alkaline; gradual boundary. 

C2-—8 to 17 inches, light yellowish-brown and light olive-brown 
(2.5 ¥ 6/3 and 4/3) fine sandy laum, alive brown (2.5 Y 
4/3) moist; weak, medium, subangular blocky struc- 
ture; hard, friable; common roots in the upper part, 
and few roots in the lower part; 25 percent saft 
sandstone fragments; slightly effervescent; maderately 
alkaline; clear, wavy boundary. 

C3—17 to 40 inches, pale-ycllow and light yellowish-brown 
(2.5¥ 7/4 and 6/4) sandstone, light olive brown 
(2.5Y 5/4) moist; soft; massive; calcareous; slightly 
hard to hard, brittle, saft and easily crushed; a few 
roots in cracks in. the upper part; a few seams of lime; 
moderately alkaline. 

Phe Al horizon has a color value of 4 or 6 when dry und 2 or 
3 when moist. The C1 and C2 horizons have a color hue of 
JOYR or 2.5Y, valuc of 5 or 6 when dry, and chroma of 2 
through 4. They have weak subangular blocky or prismatic 
structure ar are massive. The C3 horizon is platy or mussive, 
weakly consolidated, seft sandstone that has a eolor hue of 
2.5Y or 5¥. The solum and underlying material are commonly 
calearcous. In some places, concretions of hard, cemented 
sindstone are within the soft sandstone. They occur as pipes, 
cannonballs, or ledges. 

Cohagen soils are associated with Vebar snd Werner soils, 
Cohagen guils are shallower to sandstone than Vebar soils and 
Jack 1 B horizon, which Vebar soils have, They contain mare 
sand and less silt than Werner soils. 


Cohagen-Sandstone outcrop, very steep (15 to 50 
percent slopes) (CgE).—This complex consists of well- 
drained, shallow Ma moderately deep soils, and Sandstone 
outcrop. Cohagen soils and outcrops ure on the tops and 
crests of narrow ridges and on upper side slopes. Vebar 
soils are on broad ridgetops and mid and lower slopes. 
Cohagen fine sandy loam makes up about 55 percent of 
the compex, Vebar fine sandy loam 15 percent, and Sand- 
stone outcrop 20 percent. 


Vebar soils have a profile similar to that described as 
representative for the series, except that the sohun 
averages about 4 inches thinner. Runoff is rapid. 

Sundstone outcrop is mainly in nearly bare, steep areas 
where sandstone is exposed, Because vegetation is lacking, 
the hazard of erosion is severe. 

Included in mapping were small arens of Armegard, 
Parshall, and Tally soils, and small areas of stony Vebar 
soils. 

Control of erosion and maintenance of fertility and 
organic-mattler content ave the main concerns of manage- 
mont. Nearly all the acreage is in native range. The soils 
are suited only to permanent grass, (Cohagen pet in 
capability uni Vile-Sw; Shallow range site, and wind- 
break group 10. Sandstone outcrop part not in & capa- 
bility unit, range site, or windbreak group) 

Cohagen-Vebar fine sandy loams, steep (6 to 80 percent 
slopes) (ChD).—This complex consists of soils that are 
well drained, shallow, ad moderately deep over sand- 
stone. Cohagen soils are on the tops and crests of narrow 
ridges and on upper side slopes. Vebar soils are on broad 
ridgetops and mid and lower side slopes. Cohagen fine 
sandy Joam makes up about 50 percent of the complex, 
and Vebar fine sandy loam 40 percent. 

The Cohagen soil has the profile described as repre- 
sentative for the series. The Vebar svil has # profile 
milar to thot described as representative for the series, 
except that, the sclum is about 4 inches thinner. Runoff 
is moderately rapid. 

Included in mappmg were small areas of Arnegard, 
Parshall, and Tally soils. Small arcas of Sandstone out- 
crop and stony Vebar soils were also included. 

Control of crosion and maintenance of fertility and 
organic-matter content are the main concerns of manage- 
ment. Almost all the acreage is in native range, but in 
some areas on lower side slopes and in swales, liay is cut. 
The soils are suiled only to permanent grass. (Capability 
unit VIeSw; Cohagen part in Shallow range site, and 
Vebar part in Sandy range site; Cohagen part in wind- 
break group 10, and Vebar part in windbreak group 5) 


Colvin Series 


The Colvin series consists of deep, nearly level, poorly 
drained, caleareous soils in shallow basins and swales 
and slong streams. ‘Chese soils are in scattered tracts 
throughout the county. Colvin soils have a high water 
table that is at a depth between 1 and 4 feet during inost 
year’s 
? In a representative profile the surface layer is very 
dark gray, strongly effervescent: silt loam about. 7 inches 
thick. Beneath the surface layer is a transitional layer of 
friable, dark grayish-brown, vicleutly effervescent silt 
loam about 10 inches thick. The calearcous underlying 
material extends to a depth of 60 inches and decreases 
in degree of effervescence with increasing depth. In 
sequence from the top are 13 inches of grayish-brown 
silt loam, 18 inches of grayish-brown clay loam, 9 inches 
of pale-yellow clay lonm mottled with dark yellowish 
brown when moist, and 3 inches of hight yellowish-brown, 
gravelly sancy loam mottled with dark yellowish brown 
when rnoist. 

Colvin soils are high in organic-matter content nnd 
available water capacity. They have moderate fertility 
and permeability, 
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Wetness is the major concern of management in 
cultivating these soils. Phosphate availability is also a 
concern. These soils are better suited to permanent grass 
pasture or hay than to most other crops, and they are 
used for these purposes. If drained, they are suited to 
tame hay, small grains, und. corn, 

Representative profile of Colvin silt loam, nearly level, 
in native grass, 25 feet south and one-fourth milo cast of 
the northwest corner of SWY sec. 23, T. 142 N., R. 85 W. 


Ajl—O to 7 inches, very dark pray (10¥R 3/3) silt loam, 
black (10¥R 2/1} moist; tonguing to a depth of 13 
inches; weak, coarse, prismatic struclure separatin: 
to weak, coarse and medium, subangular blocky and 
moderate, fine, erwmb structure; frinble; many roots; 
miainy pores; strongly effervescent; moderately tka- 
line; clear boundary. 

AC—7 to 17 inches, dark grayish-brown (2,5Y 4/2) silt loam, 
very dark grayish brown (2.5Y 3/1) moist; weak, 
course, prismatic struchure arating to weak, 
coarse, subangular bloeky structure; friable; many 
roots; many pores; violently effervesceult; moderately 
alkaline; gradual boundary, 

Clon—17 to 30 inches, grayish-brown (2.5 Y 5/2) silt loam, very 
dark grayish brown (2.5¥ 3/2) moist; weak, coarse 
and medium, subangular blecky_ structure; friable; 
common rools; many pores; violently effervescent; 
common nodules of lime; moderately alkaline; clear 
boundary. 

C2ca—30 to 48 inches, grayish-brown (2.5 5/2) clay loam, very 
dark grayish brown (2.5Y 8/2) moist; weak, coarse, 
subangulur blocky strueture; friable; few roots; many 
pores; violently cffcrvescent; few nodules of lime; 

_moderately alkaline; gradual boundary, 

C3—48 ‘to 57 inches, pale-yellow (2.5Y 7/4) clay loam, light 
olive brown (2.5 5/4) moist; common, small, promi- 
nent moltles of dark yellowish brown (10YR, 4/4 and. 
4/8) moist; massive; friable; strongly effervescent; 
many nodules of lime, common chert fragments; 
moderately alkaline; clear boundary. 

C4—H7 to 60 inches, light yellowish-brown (2.5 Y 6/4) gravelly 
sand loam: olive brown (2.5Y 4/4) moist; common, 
amall and medium, prominent mottles of dark yellow- 
ish brown (10YR 4/4 and 4/8) moist; very friable; 
slightly effervescent; many chert fragments; mod- 
erately alkaline, 

The Al horizon has 2 color value of 3 or 4 when dry and a 
chroma of 0 or 1. A transitional AC horizon between the AL 
and Cea horizons is not present in some places, In places there 
is tonguing of the Al or AC horizon into the Coa horizons. 
Between depths of 10 and 40 inches, the texture is silt loam, 
alay loam, or silty cley loam. Intensity and ammount of 
mottling vary widely. 

Colvin soils are similar in drainage to Regan and Tonka 
soils, Colvin soils have a darker colored Al horizon than Regan 
soils. They lack the leached A2 and B2t horizons typical of 
Tonka soils and have a much higher lime content than Tonka 


soils. 

Colvin and Regan silt loams (0 to 3 percent slopes) 
(Co).—-This undifferentiated unit consists of poorly 
drained soils in upland swales and basins and on low streain 
terraces. Slopes are long and smooth. Some areas of this 
unit are part Colvin silt loam and part Regan silt loam, 
but other areas consist entirely of Colvin silt loam or 
entirely of Regan silt loam, 

The Colvin and Regan soils have the profiles described 
as representative of their respective series, Included in 
mapping were a few small arcas of Armegard, Grassna, 
i Harriet soils. Runoff is very slow, and the hazard of 
erosion is moderate. 

The main concern of management is wetness. If culti- 
vated, these soils are subject to soil blowing. The high 
content of lime causes soil structure in tilled soils to break 
down when the soil is dry. Extensive drainage systems are 
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needed in intensively cultivated areas. These soils are 
well suited to grass and alfalfa and fairly well suited to 
small grains and corn. Undrained areas are suited to and 
used mainly for hay or pasture. Drained areas are used 
mainly for hay and small grains. (Capability unit [Yw-4L 
if undrained, and IIw-4L if drained; Wet Meadow range 
site; windbreak group 2) 


Daglum Series 


The Daglum series consists of deep, nearly level to 
sloping, moderately well drained soils that have a dense 
claypan at a depth ranging from 5 te 20 inches. These 
soils are on uplands and terraces and in swales. 

In a representative profile the surface layer is dark 
grayish-brown silt loam § inches thick. The subsoil is firm 
and about 18 inches thick. In sequence from the top are 5 
inches of dark grayish-brown clay, 7 inches of grayish- 
brown clay, and 6 inches of grayish-brown silty clay. The 
underlying material is olive-gray silty clay to a depth of 
36 inches and stratified, grayish-brown sandy clay loam 
and light-gray silty clay below that depth. 

Daglum soils have moderate erganic-matter content, 
fertility, and available water capacity. Permeability is 
very slow below the surface Jayer. The growth of plant 
roots is severely testricted in the subsoil. The soils are used 
mainly for native pasture. They are suited to grasses, 
fairly well suited to small grains, and poorly suited to corn 
and legumes. 

Representative profile of Daglum silt loam in an area of 
Morton-Daglum silt loams, gently sloping, in native grass, 
1,070 feet east and 55 feet south of the northwest corner 
of sec. 21, T. 141 N., R. 84 W. 


Al—0 to 7 inches, dark grayish-brown (10 YR. 4/2) silt loam, 
very dark brown (10YR 2/2) moist; weak, medium, 
prismatic structure separating to weak, coarse and 
medium, subangular blocky structure; hard, friable; 
many rests; many fine pores; slightly acid; clear, 
irregular boundary. 

A2—7 to 8 inches, dark-gray (10YR 4/1) silt loam, very dark 
gray (LOY R 3/1) moist; weak, thick, platy structure 
separating to weak, fine, subangular blocky structure; 
slightly hard, very friable; many roots; many fine 
pores; coatings of light-gray (LOYR 6/1) clear sand 
graing on plates; slightly acid; abrupt, wavy boundary. 

B21t—8 to 13 inches, dark grayish-brown (10YR 4/2) clay, 
very dark grayish brown (10YR 3/2) moist; strong, 
medium, and fine, columnar structure ; extremely hard, 
firm; very dark brown (1OYR 2/2, moist) day films 
on columns and light-gray (1OYR 6/1) coatings on 
tops of columns; few roots; common fine pores, some 
closed; mildly alkaline; gradual boundary. 

B22t—18 to 20 inches, grayish-brown (2.5¥ 5/2) olay, very 
dark grayish brown (2.5Y 3/2) moist; moderate, 
medium, prismatic structure separating to strong, 
medium and fine, angular blocky structure; extremely 
hard, firm; few roots; few clased pores; clay films on 
faces of prisms and blocks; moderately alkaline; 
gradual boundary. 

BScasa—20 to 26 inches, grayish-brown (2.5Y 5/2) silty clay, 
dark grayish brown (2.5Y 4/2) moist; weak, medium, 
prismatic structure separating to strong, medium, 
angular blocky structure; extremely hard, firm; many 
roots; a few closed pores; clay films an faces of peda; 
thin streaks and nodules of salt crystals; slightly 
effervescent; moderately alkaline; clear boundary. 

Cleasa—26 to 36 inches, olive-gray (5Y 5/2) silty clay, olive 
gray (SY 4/2) moist; weak, medium, subangular 
blocky structure; very hard, firm; common streaks and 
nodules of salt; strongly effervescent; common nodules 
of lime; gradual boundary. 
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C2--36 to 60 inches, grayish-brown (2.5Y 5/2) and light-gray 

poy 7/2) clay loam and silty clay, dark grayish brown 

2.5Y 4/2) and olive gray (SY 5/2) moist; massive but 

separating to weak, coarse to fine, subangular blocky 

structure; firm; common salt crystals; slightly effer- 
vescent; a few nodules of lime. 


The Al horizon has a color value of 2 or 3 when moist and 3 
to 5 when dry. It is loam, silt loam, or silty clay loam 1 to 4 
inches thick. The A2 horizon has a color value of 3 or 4 when 
moist and 4 to 6 when dry and chroma of 1 or 2. The B2t 
horizon has a hue of 1OYR or 2.5¥ and a value of 4 or 5 when 
dry and 8 or 4 when moist. The B2 horizon ranges from clay 
jJoam to clay. It contains more than 35 percent clay. Structure 
is strong, fine, medium, or coarse, columnar in the upper part, 
and strong or moderate, coarse or medium, prismatic in the 
lower part. There are thin to thick clay films on the columns. 
The upper part of the B2t horizon is mildly to moderately 
alkaline, and the lower part is moderately to strongly alkaline. 
‘The C horizon has soluble salts in the upper part and is moder-~ 
ately to strongly alkaline. The C horizon has segregated lime 
in some places. ‘The solum ranges from 16 to_32 inches in thiek- 
ness. Depth to bedrock is commonly more than 40 inches, 

Daglum soils ore associated with Rhoades and Belfield soils. 
They have a thicker A horizon than Rhoades soils and a more 
dense, restrictive B2t horizon than Belfield soils. 

Daglum soils in this survey area are mapped only in com- 
plexes with Belfield, Morton, Regent, and Rhoades soil. 


Dimmick Series 


The Dimmick series consists of deep, nearly level, very 
poorly drained, clayey soils in deep to moderately deep 
basins on residual uplands and. valley floors. 

_ In a representative profile, the surface layer is sbout 10 
inches thick. It is dark-gray silty clay in the upper part 
and gray, highly mottled clay in the lower part. Below the 
surface layer is gray, mottled, very firm clay that extends 
to a depth of about 38 inches. Below this is light-gray, 
very firm clay. 

Dimmick soils have a high organic-matter content, 
moderate fertility and available water capacity, and very 
slow permeability. . 

The main concern to farmers is the wetness of these 
soils. After tillage and drying, the soil surface crusts and 
cracks (fig. 5). These soils have poor tilth, and the power 
requirement for tillage is high. These soils are used mainly 
for pasture and hay. They are better suited to permanent 
grasses than to most other plants. Drained areas are fairly 
well suited to small grains. 

Representative profile of Dimmick silty clay in a culti- 
vated field, 1,120 feet south and 1,250 feet east of the 
northwest corner of sec. 18, T. 142N., R. 84 W. 

Allg—0 to 6 inches, dark-gray (OYR 4/1) ailty clay, very dark 
gray QOYR 3/1) moist; common, fine, distinct mot- 
tles of dark yellowish brown (lUYR. 3/4) moist; weak, 
eoarse, subangular blocky siructure separating to 
moderate, fine, angular blocky and medium granular 
structure; friable, sticky and plastic; many roots; 
common fine pores; neutral; abrupt, smooth bounda 

Al2g—6 to 10 inches, gray (1OYR 5/1) clay, very dark gray 
{10¥R. 3/1) maist; many, coarse, distinct, mottles 
of dark yellowish brown and dark reddish brown 
GOYR 3/4 and 5YR, 3/4) moist; moderate, fine and 
mediun, angular blocky structure; firm, very sticky 
and very plastic; common roots and fine pores; 
neutral; clear, smooth boundary. 

C1g—10 to 88 inches, gray (N 6/0) clay, very dark gray (N 
3/0) moist; common, fine, faint mottles of dark 
yellowish brown (10YR, 3/4) moist; moderate, coarse 
and medium, angular blocky structure separating to 
moderato, fine, blocky structure; very firm, very 
sticky and plastic; a few fine roots and pores; neutral ; 
diffuse, wavy boundary. 


Figure 5.—Surface crusting and cracks in cullivated area of 
Dimmick silty elay. The polygonal cracks are i inch wide, 


C2y—88 to 60 inches, light-gray (SY 6/1) clay; dark gray 
(BY 4/1) moist; cormmon, tine, faint mottles of dark 
yellowish brown (LOYR 3/4) moist, and in the lower 
part, common, coarse, faint mottles of dark gray 
(N 4/0) moist; massive; very firm, very sticky “and 
very plastic; mildly alkaline. 

An Al or 0 horizon that is silty and as much as 3 inches thick 
ig present in some places. Mottles throughout, Lhe profile range 
from, gray to olive brown and from dark yellowish brown to dark 
reddish brown in color, Depth to carbonatcs ranges from 30 to 
more than 60 inches but typically is more than 40 inches. 

Tn Oliver County the Dirnmick soils have color values, below 
a depth of 24 inches, that are darker than is defined as the 
range for the series, but this difference does not alter the usc~ 
fulness or behavior of the soils. 

Dimmick soils are similar to Parnell and Heil soils, They lack 
the B horizon of the Parnell soils. They are not as alkaline as 
the Toil soils, and they lack the A2 horizon and the columnar 
B2t horizon of those soils. 

Dimmick silty clay (0 to 1 percent slopes) (Dm}.—This 
soil occupies basins of 5 to more than 100 acres. Some 
basins are naturally drained of ponded water more than 
3 feat deep. 

Included in mapping in some basins were small areas 
of Heil soils and of a soil that has a surface Jayer as much 
as 10 inches thick that is underlain by a subsoil having a 
claypan. The included areas are in the slightly higher 
areas near the edges of basins. 

Unless drained, this soil is ponded for long periods, and 
excess water is the major concern. Even in dry years, 
the water table is seldom less than 3 feet below the sur- 
face. Soil blowing, difficulty of tillage, and maintenance 
of soil tilth are concerns in drained areas, Undrained 
areas are used mainly for, and are suited to, pasture and 
late-harvested native hay. Drained areas are used mainly 
for hay and small grains. They are fairly well suited to 
small grains but are poorly suited to corn and alfalfa. 
(Capability unit Vw-W1 if undrained, IIIw—4 if drained; 
Wetland range sitc; windbreak group 10 if undrained, 2 
if drained). 


Farland Series 


This serics consists of deep, nearly level to gently slop- 
ing, well-drained, loamy soils on high terraces. These soils 
formed in stratified alluvium. 
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In a representative profile the surface layer is dark 
grayish-brown silt loam about 7 inches thick. ‘The sub- 
soil is friable silty clay loam about 21 inches thick. In 
sequence from the top, the upper 7 inches is dark grayish 
brown, the middle 4.inches is grayish brown, and the 
lower 10 inches is pale olive. The underlying material 
is silt loam that is pale yellow to a depth of about 45 
inches and pale olive below this depth. 

Farland ‘soils have high fertility and available water 
capacity and moderate organic-matter content and per- 
meability. They are used mainly for crops and are suit- 
ed _to all crops commonly grown in the county. 

Representative profile of Farland silt loam, nearly 
level, in a cultivated field, 660 feet west and 160 feet 
north of the center of sec. 7, T. 141 N., R. 82 W. 


Apl—0 to 7 inches, dark grayish-brown (10YR 4/2) gilt loam, 
very dark brown (10YR 2/2) moist; weak; coarse and 
medium subangular blocky structure separating to 
moderate, fine, crumb structure; friable; common 
roots; many fine pores; neutral; abrupt, smooth 
boundary. 

B21i—7 to 14 inches, dark grayish-brown (lOYR 4/2) silty 

clay loam, very dark grayish brown GlOYR, 3/3) 

ist; moderate, coarse ond medium, — pri ic 
structure; friable; films of clay on faces of peds are 

thin, continuous, and very dark brown (10Y¥R 2/2) 

t; common roots; common fine pores; newtral; 
clear boundary. 

B22t—14 tv 18 inches, grayish-brown (2,5Y 5/2) silty clay 
loam, dark grayish brown (2.5Y 4/2) moist; tongued 
with very dark grayish brown (2.5Y 3/2) moist; 
moderate, coarse and medium, prismatic structure; 
friable; clay films that are thin and chy on hari- 
zontal faces of peds and continuous on vertical f: ; 
eommon reots; common fine pores; neutral; elear 
boundary. 

B3ca—18 to 28 inches, pale-olive 
olive (5 ¥ 4/3) moist; weak, 


Y 6/8) silty clay loam, 

se, prismatic structure 

so, subangular_ blocky 

few thin patchy clay films on 

few raots; common fine pores; 
strongly effervescent; a few threads of lime; mildly 
alkaline; gradual boundary. 

Clea—28 to 45 inches, pale-ycilow (SY 7/3) silt loam, olive 
(BY 4/3) m ; moderate, coarse, subangular blocky 
structure; frinble; few roots; common fine pores; 
violently effervescent; common thrends of lime; 
moderately alkaline; gradual boundary. 

C2—45 to 60 inches, prle-olive (5 Y 6/8) silt loan, olive  ¥ 
4/3) moist; weak, coarse, subangular blocky structure; 
friable; few fine po. rougly effervescent; few 
threads of lime; moderately alkaline. 


The B2t horizon has a hue of JOYR or 2.5¥ and value of 
4 to @ when dry. Thin or moderately thick clay films ure 
common on faces of prisms and blocks, The Coa horizon has 
diffuse or moderatcly segregated lime in threads and nodules, 
The C horizon is generally silt loam or loam but ranges from 
thinly stratified silty elay to very fine sand. Thin sand and 
gravel str: are below a depth of 40 inches in some places. 
Depth to carbonates ranges from 16 to 24 inches, The soil 
is more than 40 inches decp to contrasting substratum. 

Farland sot's are similar to Straw and Morton soils, Farland 
soils have more silt and_less sand and are not sa dark colored 
to so great a depth as Straw soils. They do not the soft 
weathered bedrock within a depth of 40 inches that is typical 
of Morton soils. 


Farland silt loam, nearly level (0 to 3 pereent slopes) 
(FaA).—This soil oceupies Jong, smooth tracts on broad 
terraces. These tracts range from 3 te 80 acres in size. 

‘This soil has the profile described as representative of 
the serios. Included in. mapping were small areas of Arne- 
gerd silt loam, Straw loam, and Savage silt loam. Runoff 
18 Slow. 


a 


This soil is slightly susceptible to soil blowing, wh 
can easily be controlled. It is used mainly for small grai 


ich 
ns, 


corn, and alfalfa. 1 is well suited to all crops commonly 


grown in the county. (Capability wnit [le-6; Silty rar 
site; windbreak group 3) 
Farland silt loam, gently sloping (8 to 6 percent slop 


nge 


23) 


(FaB).—This soil oceupies 3- to 60-acre tracts on broad 


terraces. Slopes are smooth and 50 to 300 feet long. 
The profile of this soil is similar to that described 


as 


representative for the series, except that the surface layer 
is about 2 inches thinner and combined thickness of the 


surface Jayer and subsoil is 6 inches Jess where slopes 


are. 


convex. Runoff is medium, and water erosion a moderate 
hazard. Soil blowing is a slight hazard. Included in map- 
ping were small areas of Arnegard silt loam and a fow 


small areas of Straw loam and Savage silt Joam. 
Erosion on short slopes can be controlled by mana 


ge 


ment practices that establish or maintain the vegetation. 


Hither more intensive management should be used 
long slopes or the use of row crops should be limit 
‘This soil is used mainly for small grains, corn, and alfal 


on 
ed. 
fa. 


It is fairly well suited to corn and well suited to all ot! 

crops commonly grown in the county. (Capability w 

Tle-6; Silty range site; windbreak group 3) 

Flaxton Series 
The Flaxton series consists of deep, nearly level 


her 
mL; 


to 


hilly, well-drained soils on uplands. These soils formed in 
20 to 40 inches of thin, wind-lnid, losmy and sandy 


material and in the underlying glacial till. 


In a representative profile the surface layer is very dark 


grayish-brown fine sandy loam about 14 inches thi 


ok. 


The subsoil is about 27 inches thick. The upper part of the 
subsoil is dark grayish-brown, friable fine sandy loam that 
extends to 1 depth of about 28 inches. The lower part is 
clay loam that is brown to a depth of about 31 inches nnd 
light olive brown below. The underlying material is light 


brownish-gray clay loam glacial til], 
Flaxton soils are moderately to highly susceptible 


to 


soil blowing. They are high to moderate in organic- 


matter content and available water capacity and moder 


ate 


in fertility. Permeability is moderately rapid in the upper 


part of the subsoil and moderately slow below. 


These soils are used mainly for small grains, alfalfa, 
and corn. In areas where slopes ure Jess than 6 percent, 
they are suited to all the crops commonly grown in the 


county, but im more strongly slopmg areas, they are bet 

sulted to grass than to most other plants. 
Representative profile of Flaxton. fine sandy loam in 

area of Flaxton-Livona fine sandy loams, nearly level, 


‘ter 


an 
in 


a cultivated field, 500 feet south and 790 feel west af the 


northeast corner of sec. 6, T. 143 N., R. 86 W. 


Ap—0 to 7 inches, very dark grayish-brown (1OYR. 3/2) fine 
sandy loam, very dark brown (1OYR 2/2) moist; 


weak, 
to weak, fin 
friable; neutral; abrupt, smooth boundary. 
AJ2—7 to 15 inches, very dark 


coarse, subangular blocky strueture separating 
subangular blocky and erumb strusturc; 


ish-brown (LOYR 9/2) 


fine sandy loam, very dark brawn (LOYR 2/2) moist; 


con 
grad 
BI—-15 to 28 inches, dark gr: 


, Subangilar blocky structure; friable; neut 
al, smooth boundary. 


weak, course, prismatic structure separating to weak, 
i 


ral 


yish-brown (1OYR 4/2} fine 


sandy loam, very dark grayish brown (10¥R 3/2) 
moist; weak, coarse, prismatic structure separating 
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to wouk, coarse, subangular blocky strueture; friable; 
neutral; clear, wavy boundary. 

IIB21+—28 to 31 inches, brown “OY R 5/8) ela 
brown (1OYR 4/3) moist; moderate, co: , prismatic 
structure; firm, sticky and plastic few roots; thin, 
cantinuous clay films of very dark grayish brown 
(LOYR 3/2, moist) on faces of peds; a few stones and 
pebhles; mildly alkuline; gradual, wavy boundary. 

II B22t—31 to 86 inches, light olive-brown (2.5¥ 6/3) clay 
loam, dark ish brown (2.5 ¥ 4/2) moist; moderate 
medium, prismatic structure; firm, sticky and plas 
a few roots; thin, continuous clay films of very dark 
arayish brown (2.4Y 3/2, moist) on faces ef peds; 

andy jonm in eracks; a few pebbles; mildly 

alkaline ual boundary. 

36 to 42 ‘ayvish-brown (2.5 Y 5/2) clay loam, 

olive brown (2.5Y 4/3) moist; moderate, medium and 

coarse, prismatic structure; firm, sticky and plastic; 

a few pcbhles; strongly effervescent; 4 few nodules 

of soft lime; moderately alkaline; gradual boundary. 

I[Cea—42 to 60 inches, light brownish-gray (2.5Y 6/2) clay 

Joam, light olive brown {2.4Y 5/8) imoist; weak, 

coarse, subangular bloeky structure and massive; 

firm, sticky and plastic; a few pebbles; violently 
effervescent; many nodules of soft lime; moderntcly 
alkaline. 


Tho A horizon is loam, fine sandy lonm, or loamy fine sand. 
Tn some places the upper part of the B) horizon is loum, and 
in some places all of the lower part is loamy fine sand. The 
Bi horizon has a color value of 4 or 5 when dry and 2 or 3 
when moist and » chroma of 2 or 8. The IIBt horizons have 
moderate or strong, medium or coarse, prismatic structure. 
They have a color value of 3 or 4 when moist and 4 or 5 
when dry and a chroma of 2 or 3. In places there are thin, 
patehy clay films on prisms in the I1B3 horizon. The ITC 

orizon hag ww hue of 2.6Y or SY, and it has few ta many 
nodules of soft lime. In some places there are nests of gypsurt 
salts. In a few places where the glacial mantic is thin, the 
11C horizon is loamy residual material. Pebbles sre common 
in and below the ITBt horizon but few wbove this horizon. The 
part of the solum above the clay loam gla Lil ranges fram 
20 to 40 inches in thickness and is dark g h brown (10 YR 
4/2) or darker to a depth of more than 20 inches. 

In Oliver County, at depths between 10 and 40 inches, 


Joam, dark 


IB3ea- 


Flaxton soils arc associated with Livona soils and Parshall 
soils. They have a thieker centined sandy or luamy Al and 
BI horizons than Livona soils. Plaxton soils have finer textured 
B2 and C horizons than Parshall soils. 


Fiaxton loamy fine sand, undulating (3 to § percent 
slopes) (Fe8).—This soil is generally undulating, but in 
places it is rolling. 

This soil has “a profile similar to that. described as 
representative for the series, except that the upper part 
of the solum over glacial till is loatny fine sand and is 
about 6 inches thicker. 

Included in mapping were small areas of Livona, 
Lihen, Flaxton, and Williams soils. Also included were 
eroded areas in some cultivated fields, These arens have 
hummocky topography, and field boundaries are ridged. 

This soil hus moderate available water capacity and 
organicmatter content. Runoff is slow to medium, and 
surface draimage is moderately well defined. Permenbility 
is rapid in the sandy part of the solum and moderately 
slow below. 

The main concern of management is the extreme 
hazard of soil blowing, but gullying in drainageways is 
also a concern. Intensive management is nocded in 
cultivated areas, especially in fields that are summer- 
fallowed. This soil is used mainly for pasture and small 
grains. [t is well suited to grass and legumes and fairly 
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well suited to small grains and corn. (Capability unit 
1Ve-2; Sands range site; windbreak group 5) 

Flaxton-Livona fine sandy loams, nearly level (0 to 3 
percent slopes) (FIA).—This complex consists of well- 
drained, deep, friable soils on uplands. These soils formed 
partly in 10 to 40 inches of fine sandy loam and partly 
in the underlying glacial till. Flaxton fine sandy Icam 
makes up about 65 percent of the complex, and Livona 
fine snndy loam 25 percent. 

The Waxton soil has the profile described as repre- 
sentative of the series. The Livona. soil has a profile 
similar io that described as representative for its series, 
except that the fine sandy loam in the upper part of the 
aa is ubout 3 inches thicker than typical. Runoff is 
slow. 

Inchided in mapping were small areas of Parshall, 
Williams, Arnegard, and Tonka soils. Also included were 
some eroded areas. In these areas are spots where the 
original subsoil of brown clay loam has been. exposed and 
plowed and there is sandy ridged deposition along field 
boundaries. 

The main concern of management is a serious hazard 
of soil blowing (fig. 6). Nearly all the acreage is cultivated. 
The soils are used mainly for small grains, corn, and 
alfalfa. They are well suited to grass, legumes, and corn 
but not so well suited to small grains. (Capability unit 
IiTe-8M; Sandy range site; windbreak group 5) 

Flaxton-Livona fine sandy loams, undulating (3 to 6 
percent slopes) (F18).—This complex consists of well- 
drained, deep, friable soils on uplands. These soils formed 

artly in 10 to 40 inches of fine sandy loam and partly 
in the underlying glacial till, The Flaxton soil is on lower 
slopes, and the Livona soil is on upper slopes. Flaxton 
fine sandy loam makes up about 60 percent of the com- 
plex, und Livona fine sandy loam 30 percent. 

The Livona soil has the profile described 
sentative for its series. 

Included in mapping were small areas of Wil 
Parshall fine sandy leams and loams. The Willi 
have convex slopes, and Parshall soils have coneav 
slopes. Also included were small areas of Tonks and 
Arnegard soils. Other inclusions were eroded areas. In 
those areas are spots where the original subsoil of brown 
clay loam has been exposed and plowed and there is 
sandy ridged deposition along field boundaries. Runoff 
is slow to medium, 

Soil blowing is a severe hazard, and gullying is a 
moderate hazard, especially in fields where row crops 
are grown. Most of the acreage is cultivated. The souls 
are used mainly for small grains. They are well suited to 
grass, logumes, and corn but not so well suited to small 
grains. (Capability unit [[le-3M; Sandy range site; 
windbreak group 5) 

Flaxton-Livona fine sandy loams, rolling (6 to 9 Ll 
slopes) (FIC).—This complex consists of well-drained, 
deep, friable soils on uplands. These soils formed partly 
in 10 to 40 inches of fine sandy loam and partly in the 
underlying glacial till, The Plaxton soil is on lower slopes, 
and the Livona soil is on upper slopes. Flaxton fine sandy 
loam makes up sbout 60 percent of the complex, and 
Livona fine sandy loam 30 percent. 

Tnelnded in mapping were small areas of Williams and 
Parshall soils. Williams soils have convex slopes, sand 
Parshall soils have concave slopes, Also included were 


as repre- 
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Figure 6-—Field in Flaxton-Livena fine sandy loams, nearly level, where stripcropping and single rows of trees are used to control 
soil blowing. 


small areus of Tonka and Arnegard soils. Other inclusions 
were eroded areas. In these arcas, the original subsoil of 
brown clay loam has been oxposed and plowed and there 
is sandy ridged deposition along field boundaries. Runoff 
is medium. 

The main concerns of management are soil, blowing and 
water erosion, but gullying in cultivated drainageways is 
also a serious concern. Limiting the row crops included in 
the rotation helps to minimize losses of soil and water. 
About half the acreage is cultivated. The soils are used 
mainly for grass and small grains. ‘hey are well suited to 
grass and legames and fairly well suited to small grains, 
but control of water erosion is needed if corn, is grown. 
(Capability unit [Ve-3; Sandy range site; wimdbreak 
group 4) 

Flaxton- Williams loams, nearly level (0 to 8 percent 
slopes) (FwA).—This complex consists of well-drained, 
deep, friable soils on uplands. The Flaxton soil formed 
partly in loamy wind-luid deposits and partly in the 
underlying glacial till, and the Williams soil formed in 
loamy glacial till. Flaxton loam makes up about 45 percent 
of the complex, Williams loam 30 percent, and Livona 
Joam 20 percent. 

The Flaxton soil has « profile similar to that described 
as representative for tho series, except that the surface 
layer is a loam about 14 inches thick. The Livona soil has 
a profile similar to that described as representative for its 
series, but the surface layer is loam and about § inches 
thick. Runoff 1s slow. Included in mapping were small 
areas of Parshall, Arnegnrd, and ‘Tonka soils. 


Most of the acreage is cultivated, but scils of this 
complex are moderately susceptible to soil blowing. They 
are used mainly for small grains, com, and alfulfa. They 
are well suited to the commen crops grown in the county. 
(Capability unit [fe-5; Silty range site; Maxton part in 
windbreak group 5, and Williams part in windbreak 
group 3) 

Flaxton- Williams loams, undulating (3 to 6 percent 
slopes) (FwB).—This complex consists of well-drained, 
deep, friable soils on uplands. The Flaxton scoil formed 
partly in loamy wind-laid doposits and partly in the 
underlying glacial till, and the Williems soil formed in 
loamy glacial till, Flaxton loam mokes up about 45 percent 
of the complex, Williams loam 30 percent, and Livona 
loam 20 percent. 

The Flaxten soil has a profile similar to that described 
as representative for the series, except that the surface 
layer is about 12 inches thick. The Livona soil has a profile 
similar to that described ns representative for its series, 
except that the surface layer is loam about 8 inches thick. 
Runoff is slow to medium. Included in mapping were 
small areas of Parshall, Arnegard, and Tonka soils. 

The main concern of management is soil blowing. Most 
of the acreage is cultivated. Soils of this complex ara 
subject to gully erosion, especially in fields where row 
crops are grown. The soils are used mainly for small 
grains, corn, and alfalfa. They are suited to all crops 
cormmonly grown in the county, (Capability unit Ie-5; 
FPlaston part in Sandy range site, and Williams part in 
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Silty range site; Flaxton part in windbreak group 5, and 
Williams part in windbreak group 3) 

Flaxton- Williams soils, undulating (3 to 6 percent 
slopes) (Fx8).—This complex consists of well-drained, 
deep, friable soils on uplands. The Flaxton soil formed 
partly in 10 to 40 inches of fine snndy loam and partly in 
the underlying glacial till, and the Williams soil formed 
in clay loam glacial till. Flaxton fine sandy loam makes up 
about 40 percent of the complex, Williams loam and fine 
sandy loam 30 percent, and Livona fine sandy loam 25 
percent. Runoff is slow to medium. 

Tncluded in mapping were small areas of Parshall, 
Arnegard, and Tonka soils, and spots of eroded Flaxton 
ancl Livona soils. In these eroded spots, the original sub- 
soil of brown clay loam has been exposed and plowed, and 
in places nearby there is sandy deposition in hummocks 
and ridged field boundaries. 

Soil blowing is-a scrious liazard on these soils (fig. 7). 
Most of the acreage is cultivated. The soils are used 
mainly for small grains. They are well suited to the crops 
commonly grown in the county. Control of gullying is 
needed, especially in fields where row crops are grown. 
(Capability unit T1le-3M; Flaxton part in Sandy range 
site, and Willinms part in Silty range site; Flaxton part 
in windbreak group 5, and Williams part in windbreak 
group 3) 

Flaxton-Williams soils, rolling (6 to 9 percent slopes) 
(FxC).—This complex consists of well-drained, deep, 
friable soils on uplands. The Plaxton soil formed panty 
in 10 to 40 inches of fine sandy loam and partly m the 
underlying glacial till, and the Williams soil formed in clay 
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joam glacial till, Flaxton fine sandy loam makes up about 
35 percent of the complex, Williams Joam and fine sandy 
Joam 35 percent, and Livona fine sandy loam 25 percent. 

The Williams soils have a profile similar to that de- 
scribed as representative for its series, except that the 
solum is about 4 inches thinner, and in places they have 
a surface layer of fine sandy loam. Runoff is medium. 
Included in mapping were small areas of Parshall, 
Arnegard, and ‘lonka soils. 

The main concerns of management are soil blowing and 
water erosion, Water erosion is more severe in cultivated 
drainageways than in other areas (fig. 8). Limiting the use 
of row crops helps to minimize losses of soil and water. 
About: half the acreage is cultivated. The soils are used 
mainly for grass and small grains. They are well suited to 
grass and fairly well suited to small grains and legumes. 
Control of water erosion is needed if corn is grown. 
(Capability unit [Ve-3; Flaxton part in Sandy renge site, 
and Williams part in Silty range site; Plaxton, part in 
windbreak group 5, and Williams part in windbreak 
group 3) 

Flaxton- Williams soils, hilly (9 to 12 percent slopes) 
(FxD).—This complex consists of well-drained, deep, 
friable soils on uplands. The Flaxton soil formed partly m 
20 to 40 inches of fine sandy loam and partly in the under- 
lying glacial till. The Williams soils formed in clay loam 
elacial till. Flaxton fine sandy loam makes up about 55 
percent of the complex, and Williams loam 35 percent. 

The Williams soil has a profile similar to that described 
as representative for its series, except that the combined 
thickness of the surface layer ma subsoil is about 6 


Figure 7.—Area of Flaxton-Williams soils, undulating, where striperopping and stubble-mulch fallow are used to contre] soil blowing. 
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Figure 8.—Area of Flaxten- Williams soils, rolling, where grassed waterways are used to control gullying. The white in the foreground is 


snow. 


inches less and, in places, the surfnce layer is fine sandy 
Jonm. Runoff is medium to rapid. 

Included m mapping were areas of Livona fine sandy 
Joarn and small areas of Parshall and Arnegard soils. A 
few small areas of Zahl, Cubba, and Werner soils were 
also included. 

Water erosion and soil blowing are the main concerns 
of management, Water erosion is more severe in cultivated 
drainageways and on livestock trails than in other arcas. 
‘Most of the acreage is in native grass and used for pasture. 
The soils are better suited to permanent grass used for 
pasture or hny than to most ather plants. They are too 
erodible to be suitec to cultivated crops. (Capability 
unit Vle-Sy; Flaxton part in Sandy range site, and 
Willinms part in Silty range site; Plaxton part in wind- 
break group 5, and Williaras part in windbreak group 3) 


Grail Series 


The Grail series consists of deep, well-drained soils that 
have a clayey subsoil. These soils are on upland swales, 
valley fans, and foot slopes, They formed mainly in ma- 
terial washed, downslope. They have concave slopes of 0 
to 9 percent. 

In a representative profile, the surface Inyer is silty 
clay loam about 13 inches thick. The plowed part is dark 
grayish brown. and the lower part is dark gray. The sub- 
soil is firm and about 17 inches thick. It is dark grayish- 
brown silty clay loam in the upper part and grayish-brown 


silty clay in the lower part. The underlying muterial is 
calcareous, pale-olive silty clay loam, . 

Grail soils are high in organic-matier content, fertility, 
and available water capacity. Permenhility below the 
surface layer is moderately slow. 

Extra soil moisture is available to plants in the form of 
runoff from surrounding soils. These soils are usecl mainly 
for crops, except for small tracts associated with soils 
that ave suited only to grass. In some swales and on 
north-facing slopes are patches of native trees and shrubs. 
Most of those soils are well suited to all crops commonly 
grown in the county. . 

Representative profile of Grail silty clay loam, nearly 
level, 135 feet south and 950 [eet west of the northeast 
corner of sec. 23, T, 142 N., R. 84 W. 

Ap1—0 to 6 inches, dark grayish-brown (LOYR 4/2) silty clay 
louin, very dark brown (1GYR 2/2) moist; moderate, 
coarse and medium, subingular blocky structure; 
hard, friable; common fine pores; neutral; abrupt, 
clear boundary. 

A12—6 to 13 inches, dark-gray QO YR 4/1) silty clay loam very 
dark hrown (JOYR 2/2) inoist; weuk, coarse, pris- 
matie structure scparuting to moderate, coarse and 
medium, angular bloeky structure; hard, friable; eam- 
mon fine pores; neutral; gradual, wavy boundary. 

B21t—13 to 22 inches, dark grayish-brown (2.6Y 4/2) silty 
clay loam, very dark grayish brown (2.5 Y 3/2) moist; 
Faces of peds are stained with very dark brown (LOYR 
2/2) moist; weak, coarse, prismatic structure scpa- 
rating to strong, coarse and medium, angular blocky 
strueture; very hard, firm; clay films on peds; few 
pores; neutral; gradual boundary. 
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1322-22 to 80 inches, grayish-brown (2.5Y 5/2) silty clay, 
very dark grayish brown (2.5Y 4/2) moist; weak, 

, prismatic structure separating to strong, 
vourse, Sngular blocky structure; very hard, firm; 
clay films on peds; few pores; slightly effervescent; 
mildly alkaline; clear boundary, 

Clen—30 to 50 inches, pale-olive (SY 6/3) siléy clay loam, olive 
(Y 4/3) moist; vory weak arse, prismatic structure 
separating to weak, coarse and medium, angular 
blocky siruetu: hard, firm; common fine pores; 
strongly effo common small nodules and 


ent; 
threads of lime; moderately alkaline; diffuse boundary. 
C2—50 to 58 inches, pale-olive (5Y 6/8) silty clay loam, olive 


SY 4/3) moist; weak, medium, subangular blocky 
structure; hard, firm; strongly effervescent; lime 
mostly diffused; moderately alkaline. 

‘Lhe Al horizon has © color valuc of 3 or 4 when dry and a 
of silty clay loan or silt loam. The B horizon has a 
vY or 10¥R. and value of 2 or 8 when moist and 4 
or 5 when dry. The B2t horizon has weak to moderate, course 
to medium, prismatic structure that separates to moderate 
to strong, coarse to fine, angular blocky. It contains 35 to 45. 
ercent clay, 30 to 60 percené silt, and 5 vo 30 percent sand, 

he C horizon is loam to silty elay and has a hue of SY or 
25Y. The thickness of the solum and the depth to lime, 
typically, range from 20 to 40 inches. 6 h-brown or darker 
colors extend to depths of 20 to 46 inches, and this depth 
includes all of the Al horizon and all or part of the B horizon. 

Cirail soils are in landscape positions similar to those of 
Arnogard and Grassna soils. Grail soils have a finer textured 
B horizon than either Arnegurd or Grassni soil. 

Grail silt loam, nearly level (0 to 3 percent slopes) 
(GaA).—This soil generally has Jong, very gentle slopes, 

This soil has a profile like that described as representa- 
tive for the sories, except that the surface layer is silt 
loam about 10 inches thick. Runoff is slow. Included. in 
mapping were small areas of Grail silty clay loam and 
Morton and Sen soils. 

Soil blowing is a slight hazard. This soil is easy to_till. 
It is used mainly for small grains, corn, and alfalfa. Tt is 
well suited to all crops commonly grown in the county. 
(Capability unit Ile-6; Overflow range site; windbreak 
group 1) 

Grail silt loam, gently sloping (8 to 6 percent slopes) 
(GaB).—This soil has mainly long, smooth slopes. 

This soil has a profile similar to that described as 
representative for the serics, oxcept that it has a surface 
layer of silt loam about 10 inches thick, Runoff is medium. 

Tucluded with this soil in mapping were small areas of 
Grail silty clay loam and Morton and Sen soils. Small 
areas of soils that have either more or less slope than that 
degeribed for this Grail soil were also included. 

Water erosion is a moderate hazard, and soil blowing a 
slight hazard. This soil is easy to ll. It is used mainly 
for small grains, corn, and alfalfa. It is well suiled to 
small grains, alfalfa, and grass and fairly well suited to 
corn. (Capability unit Tle-6; Silty range s windbreak 
group 1) 

Grail silty clay loam, nearly level (0 to 3 percent slopes) 
(GcA).—This soil has mainly long, very gentle slopes. 1t 
has the profile described as representative of the series. 

Included with this soil in mapping were small areas 
ef Grail silt loam and Lawther, Regent, and Morton 
soils. Runoff is slew. 

This soil is moderately difficult to till, and water erosion 
is a sli¢ht hazard on_long slopes. This soil is resistant to 
soil blowing. Itis used mainly for small grains and alfalfa. 
It is well suited to small grains, grass, and alfalfa and 
fairly well suited to corn. (Capability unit ITc-7; Overflow 
ite; windbreak group 1) 
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Grail silty clay loam, gently sloping (3 to 6 percent 
aleper) (GcB).—This soil has mainly long, smooth slopes. 
neluded in mapping were small areus of Grail silt 
loam and Lawther, Regent and Morton soils. Runoff is 
medium. 

This goil is moderately difficult to till, and water crosion 
is a moderate hazard. This soil is resistant to soil blowing. 
Tt ig used mainly for small grains and alfalfa. It is well 
suited to small grains, grass, and alfalfa and fairly well 
suited to corn. (Capability unit [Ie-7; Silty range site; 
windbreak group 1) 

Grail silty clay loam, sloping (6 to 9 percent slopes) 
(GcC).—This soil has mainly smooth slopes less than 300 
feet long. 

This soil has a profile similar to that described ss rep- 
vesentative for the series, except that the solum is about 
6 inches thinner. Runoff is rapid. 

Included in mapping were areas of soils that have a 
surface layer of silt loam and small areas of Arnegard, 
Regent, ond Morton soils. Also included were small areas 
of soils that have more than 9 percent slopes or less than 6 
percent slopes. 

Water erosion is a scrious concern where slopes sre 
unprotected. This soil is resistant to soil blowing. It is 
used mainly for small grains and grass. It is well sited to 
grass and legumes, fairly well suited to small grains, and 
pocrly suited to eom. (Capability unit ITle-7; Silty 
range site; windbreak group 1) 


Grassna Series 


The Grassna series consists of deep, nearly level to 
gently sloping, well-dreined, loamy soils on terraces, in 
upland swales, on valley fans, and on foot slopes. These 
soils formed in loess “washed downslope from higher 
areas. 

In a representative profile the surface layer is very dark 
grayish-brown silt loam about 23 inches thick. The sub- 
soil is friable silt loum about 21 inches thick. In sequence 
from the top are 7 inches that is dark grayish brown, 7 
inches that is grayish brown, and 7 inches that is light 
olive brown. The underlying material is light yellowish- 
brown, light silty clay loam. 

Grassna soils are high in. fertility, organic-matter 
content, and available water capacity. Permeability is 
moderate. Extra soil moisture is available to plants be- 
cause these soils receive runoff from surrounding soils. 
Theso soils are used mainly for crops, and most of them 
are well suited to all crops commonly grown in the county. 
In some swales and on some north-facing slopes, there 
are patches of native trees and shrubs. 

Representative profile of Grassna silt loam, gently 
sloping, in a cultivated field, 80 feet south and 390 feet 
west of the northenst corner of the SWY sec. 7, T. 143 N., 
R. 83 W. 

ALI—0 tio 7 inohe 
silt loam, very dr 
medium, subangular 
weak, fine, granular structure; friable 
pores; neubr: rupt, smooth boundary. 

A12—7 wo 23 inches, very dark grayish-brown (LOYR. 3/2) 
silt loam, very 4 own (OYR 2/2) moist; weak, 
coarse, prismatic structure separating to moderate, 
ct and medium, subangular blocky structure; 
friable; many fine pores; neutral; gradual, wewy 
boundary. 


very dark grayish-brawn (10YR 3/2) 

ark brown (1UYR 2/2} moist; weak, 
blocky structure separating to 
many fine 
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B2I—23 to 30 inches, dark grayish-brown (1LOYR, 4/2) silt 
lonm, very dark grayish brown (1OYR 3/2) moist: 
faces of peds stained with very dark brown (10YR 
2/2) moist; moderate, coarse, prismatic structure 
separating to moderate, medium, subangular block: 
structure; friable; common fine pores; neutral; 
erodual, wavy boundary. 

B22—30 to 37 inches, grayish-brown (2.4Y 4/2) silt loam, very 
derk grayish brown (2.5Y 3/2) moist; moderate, 
coarse, prismatic structure soparating to weak, 
coarse, subangular blocky structure; friable; common 
fine pores; neutral; gradual, wavy boundary. 

B3a—37 to 44 inches, light olive-brown (2.5Y 5/3) silt loam, 
olive brown (2.5Y 4/3) moist; moderate, coarse, 
prismatic structure separating to weak, coarse, 
subangalar blocky structure; friable; common tine 
and medivm pores; slightly effervescent; a few 
threads of lime; moderately alkaline, clear, wavy 
bound 

JICcoa—44 to 60 inches, light yellowish-brown (2.5¥ 6/3) light 
silty clay loam olive brown (2.6Y 4/8) moist; weuk, 
coarse ta fine, subangular blocky structure; friable; 

ongly effervescent; common spots of limo; mod- 

crately alkaline, 

The Al horizon ranges from dark grayish brown to very 
dark grayish brown in color, and from 10 to 80 inches in 
thickness, The B horizon ranges from silt loam to light silty 
elay loam in texture and from 15 to 50 inches in thickness. 
Depth to lime ranges from 30 to 50 inches. The C horizon is 
mainly silt loam or silty clay loam, but is loam, clay loam, or 
silty clay in a few places. The salum has color values of less 
than 5.5 when dry and 3.6 when moist ta a depth of more than 
40 inehes in some places, 

Grasena soils are in landscape positions similar to those of 
Arncgard and Grail soils. In the B horizon, Grassna. soils 
contain move silt and less sand than Arnegard soils and more 
silt and less clay than Grail soils. 

Grassna silt loam, nearly level (0 to 3 percent slopes) 
(Gn A),—-This soil occupies slight depressions and shallow 
drainageways on the Missouri River terrace and ad- 
jacent uplands. It has mainly long, very gentle slopes. 

This soil has a profile similar to that described as 
representative for the series, except that the solum 
averages about 5 inches thicker. Runoff is slow. 

Included in. mapping were small areas of Mandan, 
Temvik, and Linton silt loums. Also ineluded were soils 
that are like Grassna soils, except for either darker colors 
below a depth of 50 inches or thin darkened layers below 
a depth of 20 imches. ; 

Soil blowing is a slight hazard on this soil. Most of the 
runoff from surrounding soils is absorbed, except during 
heavy vains or when the soil is frozen. This soil is used 
mainly for stall grains, corn, and alfalfa. Tt is well suited 
to all crops commonly grown in the county. (Capability 
unit ITe-6; Overflow range site; windbreak group 1) 

Grassna silt loam, gently sloping (3 to 6 percent slopes) 
(GnB).—This soil ocenpies well-defined depressions, drain- 
agoways, valley fans, and foot slopes on the Missouri 
River terrace and adjacent “tans. lt has mainly long, 
smooth slopes. Tt has the profile described as representa- 
tive for the series. 

Ancluded in mapping were small areas of Mandan, 
Linton, and Temvik silt loums, Included in places were 
soils that are like Grassna soils but that either have 
darker colors below a depth of 50 inches or thin darkened 
layers below a depth of 20 inches. Runoff is medium to 
slow. 

Soil blowing is a slight hazard, and water erosion is a 
moderate hazard, especially where the soil has long 
slopes. Much of the runoff from surrounding soils is 
absorbed, except during heavy rains or when the ground 


is frozen. This soil is used mainly for small grains, corn, 
and alfalfa. It is well suited to small grains and alfalfa 
and fairly well suited to com. (Capability unit Ile-6; Silty 
range site; windbreak group 1) 


Gravel Pits 


Gravel pits (0 to 15 percent slopes) (Gp) are open pits 
of gravel and sand. Their sides are steep, and their 
interiors have slopes of 0 to 10 percent. Some nearly level 
areas on the bottoms are finer textured and have a seas 
sonal water table or are ponded. Most of this land, how- 
ever, is gravel and sand. In most places the pits have 
very slow runoff, very rapid permeability, very low 
available water capacity, and low organicamatter content 
and fertility. 

The finer textured low areas have « cover of volunteer 
trees and grasses, but most areas are barren or have a 
sparse stand of weeds, grasses, and sweetclover. This 
land is suited to wildlife but is poorly suited to pasture. 
Some pits having an adequate source of finer textured 
borrow material can be reclaimed. Reclamation requires. 
extensive leveling and topdressing with finer textured 
material. Reclaimed areas that have at least 20 inches 
of loamy overburden are suited to most crops grown in 
the eounty but are not suited to trees. Areas where the 
loamy overburden _is thinner are suited to pasture. 
(Capability unit VIIs-1; not in a range site or windbreak 
group) 


Harriet Series 


The Harriet series consists of deep, poorly drained, 
nearly level, saline and alkaline soils that have a weak 
claypan in the subsoil. They are in scattered tracts on 
stream terraces and bottom lands. They have a seasonally 
high water table at a depth between 0 and_6 feet. The 
water table in most years is above a depth of 3 fect, 
except during the summer. These soils have a strongly 
saline, weak claypan that restricts rooting. 

In a representative profile the surface Jayer is gray 
silt loam about 2 inches thick, The subsoil ts firm silty 
clay loam about 7 inches thick. It is gray in the upper 
part and grayish brown in the lower part. ‘The underlying 
material is mottled, white and pale-yellow silty clay 
loam and loam to a depth of 46 inches, Below this is 
mottled, light-gray silty clay. 

Harriet soils are moderate in. arganic-matter content 
and available water capacity and low in fertility, Perme-- 
ability is slow. The restrictive effect on rooting of the 
clnypan and salinity are partly offset by the soil moisture 
provided. because the water table is high. 

Harriet soils are used mainly for native pasture. Native 
grasses are mainly salt and alkali grasses, wostern wheat- 
grass, slender wheatgrass, and plains bluegrass. These 
soils are suited to pasture and hay. 

Representative profile of Harriet silty clay loam in an 
area of Harriet complex, in native pasture, 165 feet east 
and 50 feet south of the center of sec. 17, T. 142 N., R. 
81 W. 

A2—O to 2 inches, gray (LOYR. 5/1) silt loam, very dark gray 
GO¥R 3/1} moish; moderate, fine, crumb structure; 
thinly coated with gray (LOYR 6/1) dry; hard, very 
friable; many roots, almost matted on the surface; 
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slightly effervescent; moderately alkaline; abrupt 
boundary. 

B21t—2 to 5 inches, gray (1OYR. 5/1) silty clay loam, very 
dark gray (10YR 3/1) moist; moderate, medium, 
columnar structure separating to strong, fine, angular 
blocky structure; tops of columns are coated with 

ray (LOYR 6/1) dry and sides are coated with black 
1OYR 2/1) moist; exiremcly hard, firm; slightly 
effervescent; strongly alkaline; gradual boundary. 

B22t—5 to 9 inches, grayish-brown (10 YR. 5/2} silty clay loam, 
dark grayish brown (10YR 4/2) moist; weak, coarse, 
prismatic structure separating to strong, very fine, 
angular blocky structure; prisms are coated with very 
dark grayish brown (10¥R 3/2) moist; very hard, 
firm; common, fine, white salt crystals; strongly 
effervescent; strongly alkaline; clear, wavy boundary. 

Ci—® to 18 inches, white (1OYR 8/2) silty clay loarn, very 
pale brown (10YR 7/2) moist; weak, coarse, prismatic 
structure separating to strong, very fine, angular 
blocky structure; very hard, frinble; common, fine 
salt crystals visible when dry; a few snail shells; 
violently effervescent; strongly alkaline; gradual 
boundary. 

C2—18 to 34 inches, pale-yellow (2.5Y 8/4) silty clay loam, 
light yellowish brown (2.5Y 6/3) moist; strong, very 
fine, subangular blocky structure; very hard, triable; 
common, fine, faint, very pale brown (10YR, 7/8 
moist) mottles; commen very fine, white salt crystals 
visible when dry; violently effervescent; strongly 
alkaline; gradual boundary. 

Cg—a4 to 40 inches, white (2.5Y 8/2) silty elay loam, pale 
yellow (2.5Y 7/3) moist; very hard, friable; a few, 
faint mottics of yellow (2.5Y 7/6) moist, and many 
fine mottles of pale brawn (OYR 6/3) moist; a few 
small sniil shells; strongly effervescent; very strongly 
alkaline; gradual boundury. 

C4—40 to 46 inches, white (2.5Y 8/1) loam, light gray (2,5¥ 
7/2) moist; very hard, friable; many, fine, distinct 
mottles of yellowish brown doy R 5/4) moist; strongly 
effervescent; strongly alkaline; abrupt boundary. 

C5—46 to 60 inches, light-gray (SY 7/1) silty clay, gray (GY 
5/1) moist; extremely hard, very firm; common, 
large incttles of dark yellowish brown (10YR 4/4) 
moist; slightly effervescent; strongly alkaline. 


The A® horizon is loam, silt loam, or very fine sandy loam. 
The B2t horizon ranges from clay loum to silty clay in texture. 
The C horizon has few to many, faint to distinct mottles. There 
are thin, buried, darkened horizons and horizons that have 
sand and gravel below a depth of 80 inches in places. The 
solum ranges from § to 14 inches in thickness. Salis, typically, 
are visible at a depth of 4 to 10 inches, but in somo places are 
present in all horizons below the A2 horizon. The solum dries 
out in most summers but is wet much of the time. Depth to 
carbonates is 0 to 5 inches. 


Tlarriet soils are similar to and are associated with Rhoades 
and Regan soils. Harriet soils are more poorly drained and are 
shallower to sults than Rhoades soils. They have a columnar 
structure in the B2t horizon that is absent in Regan soils and 
are more strongly saline and alkaline below the surface layer. 

Harriet complex (0 to 3 percent slopes) (Ha).—~This 
complex is in 5- to 200-acre tracts. Slopes average about 
1 percent, Some areas near streams are flooded during 
short periods in spring and summer. In places the plow 
layer is loam or silt loam. Runoff is slow. 

Included in mapping were small areas of strongly saline 
land, and Regan, Colvm, and Rhoades soils. Also in- 
cluded were small areas of soils that have slopes greater 
than described for the soils in Harriet complex and small, 
barren, salty spots. 

These soils are used mainly for native pasture. They are 
suited to pasture and Jate-harvested hay. (Capability 
unit VIs-SL; Saline Lowland range site; windbreak 


group 9) 
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Havrelon Series 


The THnavrelon serics consists of deep, nearly level to 
undulating, well-drained, calcarcous soils of the Missouri 
River bottom lands. These soils formed in thinly stratified 
sediments that are mainly loam or very fine sandy loam, 
Because these sediments were only recently deposited 
by floodwater, there is little soil development. Havrelon 
soils are the dominant soils of the Missouri River bottom 
lands, The pattern of surface drainage is indistinct, but 
drainage is generally parallel to the river channel. 

In o representative profile the surface layer is light 
brownish-gray loam about 7 inches thick. Below the 
surface layer is grayish-brown, friable loam about 15 
inches thick. Extending to a depth of about 55 inches is 
light brownish-cray, frinble very fine sandy loam. Below 
this is light brownish-gray fine sandy loam. 

Havrelon soils are low in organic-matter content, 
moderate in fertility and permeability, and high in 
available water capacity. 

Intensive use of commercial fertilizer, manure, and 
crop residues is needed to increase organic-matter content. 
and fertility, and to control erosion. These soils are used 
mainly for crops, but in some areas that are used mainly 
for pasture are in native trees, brush, and grass. Most 
areas of these soils are suited to all crops commonly grewn 
in the county. 

Representative profile of Havrelon loam, in wooded 
pasture, about 2 miles south of Washburn, which is 
across the Missouri River, 480 feet south and 330 feet 
west of the northeast corner of sec. 36, T. 144 N., RB. 
82 W. 

Al—0 to 7 inches, light brownish-gray (2.5Y 6/2) loam, dark 
grayish brown (2.5Y 4/2) ist; weak, coarse, 
blocky structure; slightly hard, friable; slightly effer- 
vescent; mildly alkaline; gradual, wavy boundary. 

Cl1—7 to 19 inches, grayish-brown (2.5Y 5/2) loam, dark 
grayish brown (2.5Y 4/2) moist; weak, coarse, 
blocky structure separating to weak, thick, platy 

structure; slightly hard, friable; slightly effervescent; 
mildly alkaline; abrupt, wavy boundary, 

TICZ—19 to 22 inches, grayish-brown (2.5Y 5/2) silty clay 
loam, dark grayish brown (2.5Y 4/2) moist; weak, 
coarse, blocky structure separating to moderate, 
thick, platy structure; very hard, firm; slightly 
effervescent; moderately alkaline; abrupt, irregular 
boundary. 

TIIC3—22 to 55 inches, light brownish-gray (2.5Y 6/2) very 
fine sundy loam and a few, thin, darkened bands of 
loam, dark grayish brown (2.5Y 4/2) moist; weak, 
thiek, platy structure; slightly hard, friable; a few 
tree roots at a depth of 50 inches; slightly effervescent; 
moderately alkaline; clear, wavy boundary. 

IVC4—55 to 60 inches, light brownish-gray (2.5Y 6/2) fine 
sandy loam, dark grayish brown (2.5Y 4/2) moist; 
soft when dry, very friable when moist; slightly 
effervescent; moderately alkaline. 

In places the Al horizon hag a color vaine as dark 93 5 when 
dry and 3 when moist. This horizon ranges from fine sandy loam 
to silty clay in texture. The Al horizon is not more than 4 
inches thick. Thin strata of fine sand, loamy fine sand, fine 
sandy loam, silty clay loam, and silty clay are present in 
places. The soil ranges from grayish brown (2.5 ¥ 5/2) to light 
brownish gray (2.5Y 6/2) in color when dry, but thin buried 
horizons as dark as dark grayish brown (2.5Y 4/2) when dry 
are below the Al horizon. Famt to distinct mottling is present 
in some strata. Lime is diffuse. 

Havrelon soils are associated with Lohler and Trembles 
soils. Below the Ai horizon they are coarser textured than 
Lohler soils and finer textured than Trembles soils. 
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Havrelon loam (0 to 3 percent slopes) (Hb).—This soil 
occupies the middle and ‘the inner edge of the Missouri 
River bottom lands. Slopes are mainly long and have on 
average gradient of less than 1 percent. In a few areas, 
this soil has slightly undulating slopes. It has the profile 
described us representative for the serics, 

Included with this soil in mapping wore small areas 
of Havrelon silty clay loam, Havrelon fine sandy loam, 
and Trembles fine sandy loam. Runoff is slow. 

The main concerns of managoment are maintaining 
good. soil tilth, fertility, and organic-matter content. Soil 
blowing is a slight hazard. 

Leaving belts of native trees along cleared areas helps 
to control the soil blowing. This soil is used mainly for 
small grain, corn, and alfalfa, [t is well suited to all crops 
commonly grown in the county. (Capability unit [c-6; 
Ovorflow range site; windbroak group 1) 

Havrelon silty clay loam (0 to 3 percent slopes) (He).— 
This soil occupies the center or outer edge of the Missouri 
River bottom lands. Slopes are mainly long and have an. 
average gradient of less than 1 percent. 

This soil has a profile similar to that described as rep- 
resentative for the series, except that the surlace layer is 
silty clay loam and the upper 2 to 4 inches ave dnrker 
colored. Runoff is slow. 

Included in mapping were small areas of Havrelon 
silty clay and Havrelon loam. Also included were some 
arcas of Havrelon soils that have stratified fine sandy 
loam and loamy fine sand below a depth of 25 inches. 
Small areas that have undulating slopes were included. 

The main concerns of management are maintaining good 
soil tilth, fertility, and organic-inatter content. 

Tillage power requirements are moderately high. This 
soil is resistant to soil blowing if good residue manage- 
ment is used. Tt is used mainly for small grains and alfalfa. 
tis well suited to small grains, alfalfa, and grass and 
fairly well suited to corn. (Capability unit Ttc-7; Overflow 
range site; windbreak group 1) 

Havrelon silty clay (0 to 3 percent slopes) (Hd),—This 
nearly level soil occupies the outer edge of the Missouri 
River bottom lands. Slopes are mainly long and have an 
average gradient of less than 1 percent. 

This soil has a profile similar to that described as rep- 
resentative for the seri xcept that the surface layer is 
silty clay and the upper 4 inches is darker colored. Runoff 
is slow. Included in mapping were small areas of Havrelon 
silty clay loam and Lohler silty clay. 

The main concerns of management are maintaining 
good soil tilth, fertility, and organic-matter content 
and controlling soil blowing early in spring, 

This soil has high tillage power requirements. It should 
be tilled only within the narrow range of optimum mois- 
ture, especially in preparing the seedhed. ‘This practice 
keeps the soil [rom puddling and crusting when wet and 
clodding when dry. In spring, the granulated soil surface 
is subject to blowing. This soil is used mainly for small 
grains and alfalfa. [tis poorly suited to corn but suited to 
ull other crops commonly grown in the county. (Capa- 
bility unit, Ts-4; Overflow range site; windbroak group 1) 

Havrelon-Trembles fine sandy loams (0 io 5 percent 
slopes) (Hm).—This complex consists of deep, well- 
drained soils that have a surface layer of very friable 
fine sandy loam. These soils lie toward the middlo or 
inner edge of the Missowi River bottom lands. Below the 
surface Jayer they are mainly stratified loam and fine 
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sandy loam. Slopes are mainly slightly undulating, but 
they range to undulating. Havrelon fine sandy loam makes 
up about 60 percent of the complex, and Trembles fine 
sandy loam 30 percent. 

The Havrelon soil has a profile similar to that described 
as representative for the series, except that it has a surface 
layer of fine sandy loam. Runoff is slow. Included in 
mapping were small areas of Havrelon, Trembles, and 
Banks loams and Banks fine sandy loam, 

The main concerns of management are controlling soil 
blowing and maintaining good soil tilsh, fertility, and 
organic-matter content. Soil blowing is a severe hazard 
in unprotected cultivated areas. 

These soils are used mainly for small grains, com, and 
alfalfa, They are suited to small grains and well suited to 
corn, grass, and legumes. (Capability unit: [Le-3; Over- 
flow range site; windbreak group 1) 


Heil Series 


The Heil series consists of deep, poorly drained, nearly 

level soils that have a dense claypan subsoil. They are in 
basins and depressions on uplands and terraces and are in 
scattered tracta throughout the county. 
_,!n 8 representative profile the surface layer is light-gray 
silt loam about 2 inches thick. The subsoil is very firm 
silty clay about 44 inches thick. he upper 13 inches of 
the subsoil is dark gray, the lower 31 inches is gray and 
mottled as well as saline. Below this is gray, mottled, 
saline silty clay. 

Heil soils are moderate in fertility, organic-matter con- 
tent, and available water capacity. Permeability is very 
slow, except after dry periods when initial intake is 
moderate to rapid. ‘Those soils pond but are usually dry 
late in the growing season, 

There is less growth of plants that produce forage in 
artificially drained areas than in undrained areas. ‘The 
extra water available from ponding in undrained areas 
partly offsets the moderate available water capacity. This 
soil is suited to and used mainly for native pasttre and 
hay. The dominant grass is western wheatgrass, 

Representative profile of Heil silty clay in native pas- 
ture, 210 feet, south and 180 feet west of the northeast 
corner of the SHY sec. 8, T. 148 N., R. 85 W. 

A2—0 ta 2 inches, light-gray (10 YR 6/1) silt loam, very dark 
gray (LOYR 3/1) moist; weak, thick and medium, 
platy shri hard, fr nany roots; many fine 
pares; mildly 9 ; ibrapt, wavy boundary, 

B21t-—-2 to § inches, dark y CIO¥R 4/1) silty cle 
dark gray (LOYTR moist; morlerate, course, 
wmnar shructure; columns have multiple caps 1 to 
1.5 inches neross and coated with light gray (OYR 
G/1} moist; oxtremely hard, very firm; common roots 
in eracks; few pores; mildly alkaline; gradual, wavy 
boundary. 

B22t—8 tio 15 inches, dark-gray (LOYR. 4/1) silty clay, very 
dark gray (O¥R 3/1) moist; moderate, i 
matic structure separating to strong, c 
angular bloeky structure; extremely 
many to few distorted roots; peds 

r, 


at 


when 


BSles—15 to 22 in 
gray (2.5Y 
dark red 
voarse, angular block 
firm; few roots; sligh 

moderately aline;) gradu 

6 inches, gray (OVE B/1) 

y (2.5Y 8/1) moist; a few, fine, dis 
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of dark reddish brown (AYR 3/3) moist; moderate, 
coarse, Angular blacky structure; extremely hard, very 
frm; slightly effervescent; many gypsum nests; 
strongly alkaline; gradual, wavy boundary, 

Clg—46 to 53 inches, gray (5¥ 5/1) silty cluy, dark pray 
(SY 4/1) moist; common, fine, distinct mottles of di 
yellowish brown (LOYR 4/4) moist; wenk, cou 
subangulir blocky structure; extremely hard, very 
firm; slightly effervescent; many gypsum nests; 
strongly alkaline; gradual, wavy boundary. 

C2g—53 to 60 inches, gray (@Y 4/1) silty clay, dark gray 
(SY 4/1) moist; common, meditim and coarse, dis- 
tinet mottles of dark yellowish brown GOYR 4/4) 
moist; weak, coarse, subangulnr blocky structure; 
extremely hard, very firm; slightly cMervescent; fow 
gypsum nests. 

The A horizon ranges from silt loam to silty clay in texture 
and from 1 to 4 inches in thiekness. It has a hue of LOYR, or 
2.5Y and color value of 3 or 4 when moist and & or 6 when dey. 
In a few places there is an Al horizon, less than 3 inches thick, 
that is very dark gray or very dark brown when moist. The 
B2t horizon is silty elay or clay and has a hue of LOYR or 2.5¥ 
and color value of 4 or 5 when dry. Structure is moderate to 
strong columnar in the B2tt horizon and moderate to strong 
prismatie in the B22l horizon. Gypsum erystals and other 
salts occur in most placce and are commonly distinct below the 
B horizon, In some places the Cg horizon is not inottled, but 
in other places, ib has few to commion, faint to distinct mottles. 
Depth to carbonates ranges from 15 to $0 inches. Textures as 
coarse as clay loam are below a depth of 40 inches in same 
places. 

Tieil soils are in landscape positions similar to those of 
Dimmick and Parnell soils. Heil soils are nol so wet as the 
mick and Parnell soils, and they have a leached A2 hi 
and a columnar B horizon, whereas the Dimmick and Parnell 
do not have these horizons. 


Heil silty clay (0 to 3 percent slopes) (Hs).—This soil 

has slopes that are mainly less than 1 percent. 
_ Included with this soil in mapping were small areas of 
Dimmick soils and Rhoades soils. Dimmick soils are in the 
deepest parts of basins, and Rhoades soils are on the 
higher edges. Included wore a few areas of soil that has a 
surface lnyer, 4 to 12 inches thick, wnderlain by a claypan 
subsoil, 

This soil is generally ponded for 3 to 6 weeks during 
the growing season. Ponding oceurs for short periods in 
spring and after heavy rains. A water table below a depth 
of 2 feet is beyond the reach of plant roots in most places. 
Drying causes wide surface cracks on this soi]. After dry 
periods, water intake is greater than normal until the soil 
is saturated, 

Grazing this soil when wet causes the trampling of 
forage and the lowering of permeability. This soil is not 
suited to cultivated crops. Tt is suited to and used for 
permanent pasture and hay. (Capability unit VIs-CD; 
Closed Depression range site; windbreak group 10) 


Lallie Series 


The Lallic series consists of deep, nearly level, very 
poorly drained and poorly caine: calcareous, clayey 
soils of the Missouri River bottom Jands. They formed 
in sediments only recently deposited by floodwater. 
Slopes are mainly jess than 1 percent. 

In a representative profile the surface layer is gray, 
mottled silty clay about 8 inches thick. Below this is 
light-eray, highly mottled, very firm silty clay to a depth 
of 18 inches. The noxt Jayer is light brownish-gray; highly 
mottled, very firm silty clay that reaches a depth of 56 
inches. 
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Lallie soils are low in organic-maitter content, moderate 
in fertility and available water capacity, and slow in 
permeability. Lalhie soils are ponded. Floodwater drains 
through indistinct drainagewoys that generally lie parallel 
to the Missowi River channel. Unless drained, Lallie 
soils are limited by water-logging to use for wildlife 
habitat, pasture, or hay. Some areas can be drained and 
cultivated. The native vegetation is mainly slough grasses, 
rushes, willows, and cottonwood. 

Representative profile of Lallie silty clay, very wet, in 
native grass, 75 feet north and 590 feet east of the south- 
west corner of sec. 16, F. 142 N., R. 81 W. 


Al—0 to & inches, grny (OY R 4/1) silty clay, very dark gray 
QOYR 3/1) moist; very thin, discontinuous, darker 
colored strata; many, medium, distinct mottles of 
dark yellowish brown (10YR. 3/4) moist; modcrate, 

nd medium, sngular blocky structare; firm, very 

y ond plastic; slightly effervescent; a fow small 
snail shells; mildy ine; clear, wavy bound: 

Clg—8 to 18 itches, light-geay (BY 6/1) silty clay, dark gray 
(BY 4/1) moist; very t. iscontinuous, darker 
colored strata; many, ene i f 
yellowish-brown and dark-gr 
4/0) moist; strong, fine, angular blocky structure; 
very firm, very sticky and very plastic; slightly 
effervescent; a few small snail shells; moderately 
alkaline; clear, wavy houndary. 

C2g—18 to 60 inches, light brown gray (2.5Y 6/2) silty 
clay, dark grayish brown (2.5 4/2) moist; several 
strata of loam less than 1 inch thick; common, coarse, 
distinet, dark yellowish-brown and gray (OY 3/4 
and N 4/0, moist) mottles; moderate, medium, 
angular blocky structure in upper part, pluty strac- 
ture to massive in lower part; very firm, very sticky 
and very plastic; slightly effervescent; moderately 
alkaline. 

Some «reas have a surface layer of organie mulch as much as 
4 inghes thick, The Al horizon ranges from LOYR to 2.5Y in 
hue. Below the surface layer is a hue of 5Y ar 2.5¥ and chroma 
of 1 or 2, The Cg horizon has mottles thit range from common 
to many, medium to very course, and prominent to distinct. 
The Cg horizon has blocky or platy structure. In some places, 
i s gypsum erystals. To a depth of 40 inches, texture is 
y elay that has a clay content of more than 45 per- 
cent bit in same places xve horizons of silty clay loam that have 
a clay content of more than 35 percent. Below the A horizon in 
some places are thin bands that arc coarser textured. 

Tn Oliver County, she Al horizon of Lallie soils 
than is defined as the range for the series, but this dl 
doos not alter the usefulness or behavior of the soils, 

Lallie soils are associated with Havrelon and TLobler soils, 
They are more poorly drained than Havrolon or Lohler soils 
arid are finer in texture below the AL horizon than Hayrelon 
soils. 


Lallie sifty clay (0 to 3 percent slopes) (La)—'This soil 
is poorly drained and is in broad, flat, shallow depressions 
at the outer edge of the bottom lands along the Missouri 
River. 

The profile of this soil is similar to that described us 
representative for the seri xcept that it is not so wet 
and mottled. Included in mapping were small areas of 
Havrelon and Lohler silty clyy and Lallie silty cay, 
very wel. 

This soil ponds for several weeks early in spring and 
after heavy rains. The water table is at a depth of not less 
than 5 feet in most years. Drained areas pond for short 
periods after heavy rains. 

This soil has high tillage power requirements and poor 
soil tilth, It is susceptible to soil blowing early in spring. 
Intensive management of residue and fertility are needed 
in cultivated areas, Proper installation ana maintenance 
of drainage ditches is needed for intensive cultivation. 
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Withholding grazing while the soil is wet helps prevent the 
trampling of forage and the slowing of surface water 
intuke, Drained areas are suited to small grains, alfalfa, 
and grass and are used mainly for ulfalia hay. They are 
poorly suited to corn. Undrained areas are suited to 
late-seeded small grains, hay, and pasture and are used 
mainly for permanent hay. (Capability unit [Vw-4 if 
undrained, Lw-4 if drained; Qverllow range site; wind- 
break group 2) 

Lallie silty elay, very wet (0 to 3 percent slopes) (Lb).— 
‘This soil is very poorly drained and is mainly in moderately 
deep oxbows and blocked channels at the outer edge of 
the Missouri River bottom lands. It is also in wide, deep 
channels that cross the bottom lands and drain upland 
areas. This soil has the profile described as representative 
at the series. 

Included in mapping were small areas of Lallie silty 
clay that is poorly drained and a few small areas of 
Lohler and Havrelon silty clays. 

Tn many areas drainage is not feasible because drainage 
outlets are not adequate or the soil is periodically flooded. 
These areas are suited to wildlife habitat and to pasture 
during the drier part of the season. In drained areas 
intensive ditch maintenance and fertility and residue 
management are needed if the soil is intensively cultivated. 
In these areas. heavy rains can cause flocding that lasts 
for several days and damages the crops. Other manage- 
ment concerns are poor soil tilth, high tillage power 
requirements, and the hazard of erosion early m spring. 
Tf drained, this soil is fairly well suited to small grains and 
alfalfa, but there is a risk of flooding. Drained areas are 
used mainly for and are well suited fo adapted perennial 
hay crops or late-seeded annual hay crops. Undrainer 
areas are used for late-season pasture and wildlife habitat. 
(Capability unit Vw-W1 if undyained, [w—4 if dramed; 
Wetland range site; windbreak group 10 if undrained, 
2 if drained) 


Lawiher Series 


The Lawther series consists of deep, nearly level to 
gently sloping, moderately well drained, clayey soils 
on uplands, in swales, on fans, and on terraces. 

Tn a representative profile the surface layer is dark-gray 
silty clay about 5 inchos thick. The subsoil is very firm, 
dark-gray clay about 26 inches thick. The underlying 
material is gray clay to a depth of 38 inches and grayish 
brown, stratified clay and silty clay below that depth. 

Lawther soils are high in fertility, organic matter 
content, and available water capacity. Permeability is 
slow. 

These soils have poor tilth and should be tilled only 
within the range of optimum moisture content. This 
practice prevents cloddiness and crusting when dry and 
puddling when wet. Timely preparation of the seadbed 
is essential for good emergence of seedlings. These soils 
are used mainty for small grains. The native vegetation 
is mainly western wheatgrass and green needlegruss. 
These soils are suited to all crops commonly grown in 
the county, except corn. 

Representative profile of Lawther silty clay, gently 
sloping, in native grass, 600 fect east and 625 feet north 
of the southwest corner of sec. 36, T. 142 N., R. 84 W. 
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(WOYR, 4/1) silty clay, black 
2/1) moist; moderate, medium and_ fine, 
subangular blocky structure arating to moderate, 
fine and medium, granular strueture; hard, friable; 
many roots; many pores; mildly alkaline; clear 
boundary. 

B21—5 to 12 inches, dark-gray (IOYR 4/1) clay, binek @.4Y 
2/1) moist; weak, coarse, prismatic structure separat- 
ing to strong, coarse and medium, angular blocky 
structure; very hard, very firm; many roots; common 
very fine pores; mildly alkaline; gradual boundary, 

B22—12 to 26 inches, dark-gray (OY R 4/1) clay, black 2.5¥ 
2/1) moist; weak, coarse, angular blocky structure 
scparating to strong, medium and fine, angular 
blocky structure; very hard, very firm; eommon 
roots; common very fine pores; mildly alkaline; 
clear boundary. 

B3es—26 to 31 inches, dark-gray (1OYR 4/1) clay, black 
(2.5¥ 2/2) moist; strong, medium, ongular blocky 
structure; very hurd, very firm; common roots; 
eormmmon very fine pores; slightly effervescent; few 
gypsum nests; moderately alkaline; gradu: 

C1—31 to 38 inches gray (LOYR 5/1) clay, black 
moist; strong, medium, angular blocky structure; 
very hard, very firm; few roots; few pores; slightly 
effervescent; lime segregated into nodules; few to 
common gypsum nests; moderately alkaline; gradual 
boundary, 

C2—38 to 60 inch: 
and silty iy, very di 
moist; ver ‘d, vor’ 
ironstone fragments; few po: 
common nodules of lime; fe 
nests; moderately alkaline, 

The Al horizon has a color value of 3 or 4 when dry. The B 
horizon has a hue of LOYR or 2.5Y, chroma of 1 or 2, and value 
of 2 or 3 when moist and 4 or 5 when dry. Between depths of 
10 and 40 inehes, the texture is clay or silty clay thai has a 
olay content of 40 to 60 percent and a silt content of 30 ta 60 
percent. The B3es horizon and \nyers below are commonly 
calcareous. Depth to lime ranges from 20 to 60 inches. In a 
few places are bedded ghales between depths of 40 and 60 
inches. 

In Oliver County, the Al horizon and the upper part of the 
B2 horizon in Lawther soilg have lower chroma than is defined 
ag the range for the series, but this difference does not alter the 
usefulness or behavior he soils. 

Lawther soils are similar to Regent, Savage, and Lolier 
soils. Luwther soils have more clay below the Al horizon than 
Regent and Savage soils. They are darker colored and lack the 
contrasting textural layering that is typical of Lohler soils, 

Lawther silty clay, nearly level (0 to 3 percent slopes) 
(LeA).—This soil has very gentle, long, smooth slopes. 
The profile of this soil is similar to that described as 
representative for the series, except that the combined 
thickness of the surface layer and subsoil is about 4 inches 
greater. Runoff is generally slow, but it is medium on 
long slopes during heavy rains. 

Included with this soil in mapping were small areas 
of Grail and Regent silty clay loams and areas of soils 
that are like Lawther soils but that are underlain by shale 
at a depth of 25 to 40 inches. Also included was 187 acres 
of a soil that has textures and colors similar to those of 
this soil, but that has a high lime content, a seasonal 
high water table, and a few claypan spots. This inchusion 
is east_of Hensler in secs. 27, 28, 38, and 34, T. 148 N., 
R. 82 W. 

The main concerns of management are poor soil tilth 
and susceptibility to soil blowing early in spring, This 
soil is used mainly for small grains. It is suited to most 
crops commonly grown in the county, but it is poorly 
suited to corn. (Capability unit Ils-4; Clayey range site; 
windbreak group 4) 


Al—0 to, 5 inches, dark-gray 


n @.HY 5/2) stratified clay 
grayish brown (2.5¥ 3/2) 
and firm; a few scoria and 
lightly effervescent; 
$O common gypsum. 


rayish-pr 


OLIVER COUNTY, NORTH DAKOTA 31 


Lawther silty clay, gently sloping (3 to 6 percent slopes) 
(LcB}.—This soil has long, smooth slopes in most places. 
It has the profile described as representative for the series. 


Included with this soil in mapping wer 


small areas 


of Grail and Regent silty clay loams. Also included were 
soils that are like Lawther soils but have shale at a depth 


of 25 to 40 inches. Runoff is medium. 


The main concerns of rnanagement are poor soil tilth 


and control of soil blowing and wat 


erosion. This soil 


is used mainly for small grains. Lt is suited to most crops 
commonly grown in the county, but it is poorly suited 
to corn. (Capability unit [fe-4; Clayey range site; 


windbreak group 4) 


Lefor Series 


The Lefor series consists of modera 


, deep, gently 


sloping, well-drained, loamy soils on residual uplands. 
These soils formed in material weathered from the Golden. 
Valley Formation. They are in the extreme southwestern 
part of the county. These soils are commonly underlain 
by soft, sandstone and loamstone at a depth of 30 to 40 


inches. 


In a representative profile the surface Jnyer is brown 
fine sandy loam about 27 inches thick. The subsoil is 
frinble and about 27 inches thick. In sequence from the 
top are 7 inches of pale-brown. fine sandy loam, 4 inches 


of pale-brown clay loam, 8 inches of light yellowis' 


brown clay loam, and 8 inches of pale-yellow mottled 


1+ 


clay loam. The underlymg material is mottled, pale- 


yellow loam to a depth of 46 inches and white, so 
-coarse-textured loamstone below that depth. 


t, 


These soils are moderate in fertility, organic-matter 


content, and available water capacity. Permeability 


and water erosion. Soft bedrock moderately restricts 1! 
root zone of deep-rooted crops. 


These soils are used mainly for small grains, corn, and 
alfalfa. They are suited to small grains and well suited 


to grass, legumes, and corn. 


Representative profile of Lefor fine sandy loam, gen! 


is 
moderate. The soil is highly susceptible to soil blowing 


e 


ly 


sloping, in a cultivated field, 105 fect south and 74 feet 
vest of the northeast corner of sec. 31, T, 141 N., R. 86 W. 


Ap1—o0 to 7 inches, brown (JOYR, 4/3) fine sandy loam, very 
dark brown (LOYR 2/2) moist; weak, coarse, sub- 
angular blocky structure separating to moderate, 
medium, crumb structure; slightly hard, friable, 
slightly sticky and slightly plastic; common roots; 
many fine pores; slightly acid; clear, smooth boundary. 

B21—7 to 14 inches, pale-hrown (10YR 6/3) heavy fine sandy 
loam, brown (LOYR 4/3) moist; peds are coated with 
very dark grayish brown (10YR 3/2) maist; strong, 
very coarse, prismatic structure separatiug to mod- 
crate coarse, subangular blocky structure; hard, 

friable, slightly sticky and plastic; patchy, thin clay 
films; common roots; common fine pores; neutral; 
gradual boundary. 

B22i—14 to 18 inches, pale-brown (LOYR 6/8) light clay loam 
brown (LOYR 5/3) moist; peds are conied with d: 
grayish brown (LOYR 4/2) moist; strong, very coarse 
prismatic structure separating to moderate, medium, 
angular blocky structure; hard, friable, sticky and 
plastic; continuous clay film 
pores; neutral; clear boundary. 

B23t—18 to 26 inches, light yellowish-brown (10YR 6/4) light 
clay loam, yellowish brown (LOYR 5/4) mofst; patchy, 
dark gruyish-brown (10YR 4/2, moist) coatings on 
peds; strong, very coarse, prismatic structure sep- 
arating to wenk, course, angular blocky structure; 
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; a few rools; many fine 


hord, friable, sticky and plastic; thin clay films on 
vertival faces of peds; many fine pores; mildly alkaline; 
gradual houndary, 

BSes—26 to 84 inches, pale-yellow (SY 7/4) light clay loam, 
pale olive (SY 6/4) moist; common, coarse, distinct, 
brownish-yellow (LOYR 6/6, moist) motties; moder- 

ate, very coarse, prismatic structure separating to 

moderate, coarse, angular blocky structure; hard, 
friable, siieky and plastic; patchy clay films on faces 
of peds in upper part; many fine pores; gypsum nests; 
slightly cHlervescent in lower part; mildly alkaline; 


clear boundary. 
Cles—S4 to 46 inches, pale-ycllow (SY 8/3) light loamstonc, 
common, coarse, distinct, 


pale olive (5Y 6/3) moi 
brownish-yellaw (10YR 6/6, moist) mottles; a 
thick and medium, platy structure; hard, friable, 
sticky and plastic; many fine pores; common gypsum 

slightly cffervescont; moderately tkalines 


hes, white (65Y 8/2) loamstone, light olive 
gray (5Y 6/2) moist; common, coarse, prominent 
mottles of brownish ycllow (OY RB 6/6) moist; platy 
structure; hard, friable, sticky and plastic; slightly 
effervescent; moderitcly alkaline. 

The A horizon is fine sandy loam but is 25 t0 30 percent 
medium and coarse sand. Ut has a chroma of 2 or 3 and 2 value 
of 2 or 3 when moist and 4 or 6 when dry, The B21¢ herizon has a 
chroma of 2 or 8. It has strong, very coarse to coarse prismatic 
structure separating to moderate to weak, medium and coarse, 
blocky structure. The C horizon has a hue of 5Y or 2.5, value 
of 7 or 8 when dry, and chroma of 2 to 4. In some places it has 
prownish-yellow mottles. This soil, to a depth of 60 inches, con- 
tains sand that is mainly micaccous and clays that are kaolinitic. 
Tn some places the soi! is free of lime to a depth of more than 
60 inches. Gypsura and other salts ure common below the B2t 
horizon. 

Tn Oliver Caunty, the upper part of the Bt horizon in Lefor 
soils is lighter colored than is defined as the range for the series, 
but this difference does not alter the usefulness or behavior of 
the soils, 

Lefor soils are associated with Vebar and Morton soils. They 
have stronger structure and higher clay content in the BZ 
horizon than Vebar soils. They have a higher sand content 
than Morton soils. 


Lefor fine sandy loam, gently sloping (3 to 6 percent 
slopes) (Le A).—This soil is mainly gently sloping, but it 
is undulating in some eroded areas and nearly level in a 
few places. Runoff is medium. 

Included with this soil in mapping were small areas of 
Vebar, Parshall, Tally, and Arnegard soils. Parshall and 
Arnogard soils are in swales, Also included were a few 
small areas of soils that have a slope range that is less 
than that of this soil, On some eroded areas the original 
pale-brown, finer textured subsoil has been exposed and 
plowed. Between areas of exposed subsoil and along the 
field boundaries are ridges of sandy deposits. 

The tain concerns of management arc control of 
erosion, conservation of moisture, and maintenance of 
fertility and organic-matter content. Intensive manage- 
ment that maintains fertility and uses crop residue is 
needed. This soil is used mainly for small grains, corn, 
and alfalfa. It is suited to small grains and well suited to 
corn, grass, and legumes, but gullying is a serious concern 
in fields used for row crops. (Capability unit Tle-3M; 
Sandy range site; windbreak group 5) 


Lehr Scries 


The Lehr series consists of nearly level to sloping, 
somewhat excessively drained, loamy soils that are 
shallow to gravel. These soils are on stream terraces and 
glacial outwash plains. The sand end gravel underlying 
material is at a depth of 10 to 20 inches. 
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In a representative profile the surface layer is very dark 
grayish-brown loam about 6 inches thick. The subsoil is 
friable, dark grayish-brown loam about 9 inches thick. 
The underlying material, to » depth of about 21 inches, is 
gravish-brown and light olive-brown gravelly conrse loamy 
sand. Below this is light brownish gray and light olive- 
brown, coarse gravel and sand to a depth of 52 inches and 
dark-gray loam below that depth (fig. 9). 

Lehr soils are moderate in organic-matter content and 
fertility, and low in available water capacity. Permea- 
bility 1s moderately rapid in the subsoil and very rapid 
below the subsoil. 

‘These soils are x source of sand and gravel for road 
surfacing, but much of the material is unsnitable for 
concrete aggregate. Lehr soils are used mainly for small 


Figure $,—Profile of Lehr loam. 


SURVEY 


grains and native grass pasture or hay. Most of these 
soils nre fairly well suited to all erops commonly grown in 
the county, 

Representative profile of Lehr loam in an area of 
Stady-Lehv loams, gently sloping, in native grass, 800 
feet enst und. 90 feet south of the northwest corner of 


sec. 1, T. 142 N., R. 87 W. 


Al—O to 6 inches, vory dark grayish-brown (10 R 3/2) loam, 
very dark brown (1LOYR 2/2) moist; weak, medium, 
suhangular blocky structure separating to weak, fine, 
erumb striteture in upper part; weak, coarse, pris- 
matie structure in lower part; friable; many roots; 
many fine pores; neutral; clear, wavy boundary. 

B2—6 to Il inches, dark grayish-brown (10YR 4/2) loam, 
very dark grayish brown (LOYR 3/2) moist; meder- 
abe, medium, prismatic structure separating ta weak, 
medium, subangular blocky structure; friable; many 
roots; many fine pores; neutral; gradual, wavy 


houndury, 

B3—11 to 15 inches, dark grayish-brown (LOYR 4/2) loam, 
very dark grayish brown (1OYR. 3/2) moist; weak, 
niedium, prismatic structure separating ta weak, 
medium, subangular blocky structura; friable; many 
rools; many fine pores; mildiy alkaline; abrupt, wavy 
boundary. 

ILClea—15 to 21 inches, grayish-brown and light olive-brown 
(2.8Y 5/2 and 5/4) gravelly coarse loamy snnd, dark 

# h brown and olive brown (2.5¥ 4/2 and 4/4) 

moist; single grained; loose; lime crusts on underside 
of pebbles; violently effervescent; moderately alka- 
line; abrupt, wavy boundary 

TIC2en—2t to 62 inches, light brownish-gray and light olive- 
brown (2.5Y 6/2 and 5/4) course gravel and sand, 
dark grayish brawn and olive brown (2.4Y 4/2 and 
4/4) moist; single grained; loose; lime erusis on under- 
side of pebbles; violently cfferveseent; moderately 
alkaline; abrupt, wavy boundary. 

TITAlb—52 to 60 inches, dark-gray (LOYR 4/1) loam, very 
dark brown GOYR 2/2) moist; friable; strongly 
effervescent; moderately alkaline. 


The A horizon has 4 eolor value of 2 or 3 when moist and 
83 or 4 when dry. The B horizon has a value of 4 or 6 and 
chroma of 2 or 3 when dry. A few clay films are on faces of 
prisms in some places. The B horizon has a moderate to weak, 
medium to coarse, prismatic structure scparating to moderate 
to weak, subangular blocky structure, The IiCea horizon has 
a wide rauge of thickness over short horizontal distanees. It 
has a hue of 10YR or 2.4Y. Tt has a wide range in size of 
coarse material and amount of stratification, but thin, loamy 
strata are common. Depth to lime and thickness of solum range 
from 10 to 20 inches but average about 14 inches. The solum 
contains a few pebbles and scattered stones, 

Lehr soils are similar to Stady and Manning soils, They 
have a thinner solum over sand and gravel than Stady soils. 
They have less sand in the A and B horizons than Manning 
soils. 

The Lehr soils in this survey ure mapped only in complexes 
with Stady soils. 


Lihen Series 


The Lihen series consists of deep, nearly level to steep, 
well-drained soils that are sandy throughout the profile. 
These soils are on terraces, the edges of terraces, and 
uplands. 

In a representative profile the surface layer is loumy 
fine sand about 24 inches thick. It is very dark grayish 
brown in the upper part: and dark grayish brown in the 
lower part. The underlying material is very friable, light 
olive-brown loamy fine sand to a depth of about 45 
inches. Below this depth it is loose, multicolored, light 
brownish-gray snd light yellowish-brown fine and mediwa 
sand. 
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Lihen soils are moderate in organic-matter content, 
fertility, and available water capacity. Permeubility is 
rapid. . ; . ; 

The main concern of management is controlling soil 
blowing, Most of the soil moisture is readily available to 

lants. In most years, little extra moisture can be stored 
if fields are summer-fallowed. Lihen soils are used mainly 
for small grains, corn, and grass. Most of these soils are 
well suited to grass and legumes and are suited to fairly 
well suited to all other crops commonly grown in the 
county. 

Representative profile of Lihen loamy fine sand, nearly 
level, 990 feet south and 560 feet west of the northeast 
corner of the NW sec. 6, T. 148 N., R. 85 W. 

Api—0 to 7 inehes, very dark grayish-brawn (10YR. 3/2) 
loamy fine sand, very dark brown. (10YR. 2/2) moist; 
weuk, coarse, subangular blocky structure separating 
easily to weak, coarse, and medium, crumb structure 
and single grains; very friable; neutral; abrupt, 
smooth boundary. 

A12—7 to 18 inches, very dark grayish-brown (10YR 3/2) 
loamy fine sand, very dark brawn (LOYR 2/2) moist; 
very weak, coarse, prismatic structure separating 
easily to weak, coarse, subangular blocky structure; 
very friable; neutral; gradual, wavy boundary, 

A13—18 to 24 inches, dark grayish-brown (10YR, 4/2) loamy 
fine sand, very dark h brown (10¥YR. 8/2) moist; 
very weak, cou ic structure arating 
easily to weak, coarse, subangular blocky structure; 
very friable: neutral; gradual, wavy boundry. 

C1—24 to 45 inches, light clive-brown (2.5Y 5/4) loamy fine 
sand, olive brown (2.5¥ 4/4) moist; weak, coarse, 
prismatic structure separating casily to weak, coarse, 
subangular blocky structure; very friable; mildly 
alkaline; clear, wavy boundary. 

C2ca—45 to 60 inches, multicolered ight brownish-gray and 
light yellowish-brown @.5Y 6/2 and 6/4) fine and 
medium sand, dark grayish brown and olive brown 
(2.5¥ 4/2 and 4/4) moist; common pobbles; loose; 
slightly effervescent; mildly alkaline. 

The Al horizon ranges from 20 to 35 inches in thickness. 

It is loamy fine sand or fine sandy loam and has a color value of 

less than 5.5 when dry and a chromo of 3.5. The C horizon has 

a hue of 10VR or 2.5Y, Between depths of 30 and 40 inches 

the texture is loamy sand or loamy finc sand. Below a depth of 

40 inches in places on terraccs, there are sund and gravel strata 

less than 6 inches thick. Tu some places there is an AC horizon 

below the AL horizon, Lime is finely divided. 
Lihen soils are similar to and associated with Parshall and 

Telfer soils. They are courser textured than Parghail soils, and 

they are darker colored to a greater depth than Telfer soils, 


Lihen loamy fine sand, nearly level (0 to 3 percent 
slopes) (Lh A).—This soil occupies 5- to 80-acre tracis on 
stroam torraces. Slopes are smooth te slightly undulating. 
This soi] has the profile described as representative of the 
series. 

Included in mapping were a fow,.small, moderately 
eroded nrens, small areas of Lihen fine sandy loam, and a 
few areas of soils that have greater slope range than that 
described for this soil. Runoff is slow. 

Intensive management of vegetation is needed to con- 
trol soi! blowing. This soil is used mainly for grass, small 
grains, and corn. It is well suited to grass and legumes 
and fairly well suited: te small grains and corn. (Capability 
unit [Ve-2; Sands range site; windbreak group 5) 

Lihen fine sandy loam, nearly level (0 to 6 percent 
slopes) (Lk A).—This soil is generally nearly level, but in 
some places it is nearly level to undulating. It is op ter- 
Taces and uplands, 
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This soil has a profile similar to that described as 
representative for the serics, except that the surface layer 
is fine sandy loam. Runoff is slow. 

Included in mapping were a few small areas of Lihen 
loamy fine sand and Parshall fine sandy loam. Also in- 
cluded were seme eroded areas that have hummocky 
topography, and spots where the original browner subsoil 
has been exposed and plowed. 

Soil blowing is a serious concern. Water erosion is a 
concern where there are long slopes of more than 3 percent. 
This soil is used mainly for small grains and corn. It is 
suited to small grains and well suited to corn, grass, and 
legumes. (Capability unit I[le-8; Sands range site; 
windbreak group 4) 


Linton Series 


The Linton series consists of deep, gently sloping to 
sloping, well-drained, loamy soils formed in calcareous 
oess. These soils lie in places cn the Missouri River 
terrace and within 3 miles of the terrace on adjacent 
uplands. The loess ranges from 40 inches to 8 feet in 
thickness. In most places it is underlain by clay loam 
glacial till on uplands and stratified loamy material on 
erraces. 

In a representative profile the surface layer is dark 
grayish-brown silt loam about 8 inches thick. The subsoil 
is about 19 inches thick and consisis of very frinble silt 
cam. The upper 6 inches of the subsoil is dark grayish 
rown, the next § inches is brown, and the lower 5 inches 
is pale brown. The underlying material is pale-brown silt 
oum to a depth of about 50 inches and is light brownish- 
gray, very fine sandy loam below that cepth. 

Linton soils are moderate in organic-matter content, 
fertility, and permeability. They have a high available 
water capacity. 

The soils are stone [ree and very easily tilled. They are 
used mainly for small grains and grasses. They generally 
are well suited or fairly well suited to all crops commonly 
grown in the county but are pocrly suited to corm where 
slopes are more than 6 percent. 

Representative profile of Linton silt loam in an area 
of Linton-Mandan silt loams, gently sloping, in a culti- 
vated field, 1,385 feet west and 725 feet north of the 
southeast corner of sec. 4, T. 148 N., R. 83 W. 

Ap1—0 to § inches, dark grayish-brown (JOYR 4/2) silt loam, 
very dark brown (1UYR 2/2) moist; weak, coarse, 
subangular blocky structure separating casily 40 
weak, fine, crumb structure; very friable; many fine 
pores; neutral; elear, wavy boundary. 

B21—8 to 14 inehes, dark grayish-brown (10YR. 4/2) silt 
loam, dark brown (LOYR 8/8) moist; few thin patches 
of clay film on vertienl faces of peds; weak, coarse, 
prismatie structure separating to moderate, coarse, 
subangular blocky structure; very friable; common 
pores; nentral; gradual boundary. 

TB22—14 to 22 inches, brown (10YR 5/3) silt loam, dark brown 
QOYR, 4/3) moist; weak, coarse, prismatic structure 
separating to moderate, coarse, subangular blocky 
structure; very friable; slightly effervescent; mildly 
alkaline; dual boundary. 

B3ca—22 to 27 inches, pale-brown GOYR 6/8) silt loam, 
hrown (10¥R 4/3) moist; wenk, coarse, prismatic 
structure separating to weak, coarse, sibangular 
blocky structure; very friable; strongly effervescent; 
moderately alkaline; clear boundary. 

Clea—27 to 40 inches, pale-brown (LOYR 6/3) sili: loam, 
brown (10¥R 5/3). moist; weak, coarse, prismatic 
structure in upper part, weak, course, subangular 
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blocky structure in lower part; very friable; strong): 
effervescent; lime is mostly finely disseminated: 
moderately alkaline; gradual boundary. 

C2ca—50 to 60 inches, light brownish-gray (2.5Y, 6/2) very 
fine sandy loam, grayish brown (2.5Y 6/2) moist; 
massive; very friable; strongly effervescent; a few 
small nodules of lime; moderately alkaline, 

The A horizon has a color value of 2 or 3 when moist and 4 
or 5 when dry. The B2 horizon has a value of 8 to 5 when moist 
and 4 to 6 when dry. The solum ranges from 10 to 36 inches 
in thickness, Depth to lime ranges from within the plow layer 
to 80 inches, Some places lack a B8ea horizon and have a Cca 
horizon beneath a B2 horizon and above a © or ILC horizon. 
In many places the profile is silt loam to a depth of 60 inches. 
In some places below a depth of 40 inches, there is clay loam, 
very fine sandy loam, or sandy or gravelly loam. 

Linton soils are similar to ond are associated with Temvik 
and Mandan goils. ‘They do not have ao clay loam ILC horizon 
within a depth of 40 inches, as do Temvik soils. They are not 
dark colored to so great a depth as Mandan soils. 

Linton silt loam, sloping (6 to 9 percent slopes) (LIC).— 
This soil occupies valley side slopes and adjacent uplands 
near the edge of the Missouri River breaks. In a few places 
it is on the inner edge of the Missouri River terrace. The 
soil is in areas ranging from 5 to 80 acres in size. Slopes 
range from a few feet to 200 feet in length. 

In a profile of this soil, the thickness of the surface layer 
and subsoil and the depth to lime average 4 inches less 
than in the profile described as representative for the 
series. Runoff is moderately rapid, and drainage is well 
defined. Included in mapping were small areas of Mandan 
silt loam and Temvik gilt loam. 

This soil is moderately susceptible to soil blowing, but 
the main concern of management is control of water 
erosion. The soil is poorly suited te corn but is suited to 
other crops commonly grown in the county, It is used 
mainly for small grains and native pasture or hay. (Capa- 
ility unit [Te~-5; Silty range site; windbreak group 3) 

Linton-Mandan silt loams, gently sloping (3 to 6 per- 
cent slopes) (Ln B).—This complex consists of deep, well- 
drained, very friable soils that formed in 40 inches or more 
of loess. The complex is on segments of the Missouri River 
terrace and adjacent uplands in areas ranging from 20 tc 
200 acres in size. Slopes are mainly between 50 feet and 
600 feet long. Linton silt loam makes up about 65 percent 
of the complex, and Mandan silt loam about 30 percent. 

The Linton soil has the profile described as representa- 
tive for the series. The Mandan soil has a profile similar 
to that described as representative for its series, except 
that the combined thickness of the surface layer and sub- 
soil and the depth to lime average 4 inches less. The 
Mandan soil is dark colored to 1 grenter depth than the 
Linton soil. Rumeff is medium, and drainage is well defined. 
Included in mapping were small areas of Tomvik silt lcam. 

Soils of this complex wre moderately susceptible to soil 
blowing. They are well suited to small grains, alfalfa, and 
grasses and are fairly well suited to com. They are used 
mainly for small grains, corn, and alfalfa. Gullying is a 
concern on long slepes in fields used for row crops. (Capa- 
bility unit Ile—5; Silty range site; windbreak group 3) 


Livona Series 


The Livona series consists of deep, nearly level to hilly, 
well-drained soils on uplands. These soils formed partly in 
thin, wind-laid, loamy or sandy material that is less than 
20 inches thick, and partly in the underlying glacial till. 
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In a representative profile the surface layer is very dark 
grayish-brown fine sandy loam about 7 inches thick. The 
subsoil is about 29 inches thick. The upper 8 inches of the 
subsoil is friable, dark grayish-brown fine sandy loam; the 
next 5 inches is friable, light olive-brown clay loam, and 
the lower 16 inches is friable, pale-olive clay loam, The 
underlying material is mottled, pale-clive clay loam. 

Livona, soils are moderately to highly susceptible to soil 
blowing. They are high in available water capacity and 
moderate in organic-matter content and fertility. Permea- 
bility is moderately rapid and rapid in the upper part of 
the subsoil and moderately slow below the subsoil. 

These soils are used mainly for small grain, alfalfa, and 
corn. Where slopes are less than 6 percent, they are suited 
to all crops commonly grown in the county, but where 
slopes are stronger, they are better suited to grass than to 
most other crops. 

Representative profile of Livona fine sandy loam in an 
rea of Flaxton-Livona fine sandy loams, undulating, in 
a cultivated field, 65 feet west’ and 490 feet south of the 
northeast corner of sec. 4, T. 143 N., R. 87 W. 


Ap1—0 to 7 inches, vory dark grayish-brown (LOYR 3/2) fine 
sandy loam, very dark brown (lOYR 2/2) moist; 
week, medium and fine, subangular blocky structure 
separating easily to weak, fine and medium erumb 
structure; slightly hard, friable; many fine pores; 
neutral; sbrupt, smooth boundary. 

B1—7 ta 15 inches, dark grayish-brown (LOYR 4/2) fine sandy 
loam, very dark grayish brown (OYR 3/2) moist; 
on vertical faces of peds are stains of very dark 
brown (10YR 2/2} moist; weak, coarse, prismatic 
structure separating to weak, coarse, subangular 
blocky structure; slightly hard, friable; common fine 
pores; neutral; abrupt, wavy boundary. 

IFB2t—15 to 20 inches, light olive-brown (2,5Y 5/4) clay loam, 
dark grayish brown (2.5¥ 4/2) moist; moderate, 
coarse, prismatic structure separating to moderaic, 
coarse and medium, angular blocky structure; very 
hard, friable; thin and moderately thick clay films 
on prisms, very dark grayish brown (2.5Y¥ 3/2) maist; 
common fine pares; neu H elear, wavy baundary. 

ILB3Ca-~-26 to 36 inches, pale-clive (SY 6/3) elay loam, alive 
(6Y 4/3) moist; weak, coarse, prismatic structure 
separating to moderate, coarse, angular blocky strue- 
ture; very hard, friable; patches of thin clay films on 
fuces of pods, very dark grayish brown (2.5Y 38/2) 
moist; a few pores; strongly effervescent; common 
nodules of lime; moderately alkaline; gradual, wavy 
boundary, 

IiClea—86 to 54 inches, pale-olive (SY 6/3) clay loam, alive 
(SY 4/3) moist; heavily streaked; mottled with gray 
(GY 6/1) and strong brown (7.5YR 6/6); few, fine, 
prominent, red (2.5Y 5/6) mottles; massive, but 
scparating to weak, subangular blocky and laminar 
structure; very hard, firm; violently effervescent; 
many nodules of lime; moderately alkaline; gradual, 
wavy boundary. 

II1C2—54 to 60 inches, pale-olive (AY 6/8) clay loam, olive 
GY 4/3) moist; heavily streaked and mottled with 
gray (SY 6/1) and strong brown (7.5YR 5/6); massive; 
very hard, firm; strongly offervescent; common 
nodules of lime; moderately alkaline. 


Tho A horizon is loamy fine sand, fine sandy loam, or loam. 
The B1 horizon has a texture of loamy fine sand or fine sandy 
loam. It has color chroma of 2 to 3. The clay loam B2t horizon 
has a hue of 1OYR or 2.5Y and chroma of 2 through 4. Thin 
to moderately thick, continous clay films are on prism faces in 
most places, Most areas of this soil have a weakly prismatic, 
ealeareous B3 horizon. This horizon has a hue of 2.5¥ or 5Y. 
The Cea horizon has both diffused and segregated lime, In 
a few places highly weathered silty shale and sandstone are 
below a depth of 30 inches. The combined loamy or sandy 
horizons above the clay loam B2t horizon range from 10 to 20 
inches in thickness. Depth to carbonates ranges from 18 to 
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28 inches. In most places pebbles and stones are seattered 
throughout the profile. In some places there is a pebble contact 
zone above the till. 

Livona seils are simnilar to and are assoviated with Flaxton 
and Williams soils. Livona soils have thinner Al and BL 
horizons than Vlaxton soils. They are coarser textured in the 
upper part of the B horizon than Williams soils. 

fhe Livana soils in this survey area are mapped only in 
eomplexes with Flaxton soils. 


Lohler Series 


The Lohler series consists of deep, nearly level, mod-~ 
erately well drained, clayey soils of the Missouri River 
bottom lands. These soils are caleareons throughout. 
They formed in thinly stratified sediments that are mainly 
silty clay and silty clay loarn. These sediments have only 
recently been deposited by floodwater, and therefore there 
is little soil development. The pattern of surface drainage 
is indistinct, and drainage is generally parallel to the 
river channel. 

In a representative profile the surface layer is grayish- 
brown silty clay about 8 inches thick. The underlying 
material is light brownish-gray, firm silty clay in the upper 
6 inches. Below this, to a depth of 60 inches, are layers 
ranging from. silty clay to very fine sandy loam ir texture, 
but layers of silty clay and silty clay loam are dominant. 

These scils are moderate in fertility, low in organic- 
matter content, and high in available water capacity. 
They have moderately slow permenbility. Intensive 
application of commercial fertilizer, manure, and crop 
residues is needed to increase organi¢-matter content, 
improve soil tilth and fertility, and control erosion. 


Representative profile of Lohler silty clay in a tame 
grass meadow, about 2/4 miles south cf Washburn, which 
is across the Missouri River, 390 feet east und 50 feet north 
a the southwest corner of the NW\ sec. 26, T. 144 N., 
KR. 82 W. 


Api—o to § inches, grayish-brown (2.5Y 5/2) silty elay, very 
dark grayish brown (2.5Y 3/2) moist; moderate, 
coarse suhangular blocky structure separating to 
moderate, fine and mediwn, angular blocky structure; 
firm, sticky and very plastic; many roots; slightly 
effervescent; mildly alkaline; clear, wavy boundary. 

C1—8 to 14 inches, light brownish-gray @.5Y 6/2) silty clay, 
dark grayish brown (2.5Y 4/2) moist; a few, fine, 
faint mottles of dark yellowish brown (10YR 4/8) 
moist; moderate, coarse, angular blocky structure 

ing to moderate, fine, angular blocky structure; 

; very sticky and very plastic; many roots; 
slightly cffervescent; mildly alkaline; clear, wavy 
boundary. 

11C2—14 to 18 inches, light brownish-gray (2.5Y 6/2) silty 
clay loam, dark grayish brown (2.5Y 4/2) moist; 
weak, coarse, angular blocky structure separating 
easily to weak, thick, platy structure; firm, sticky and 
plastic; many roots; slightly effervescent; mildly 
alkaline; clear, wavy boundary. 

TITC3—18 to 32 inches, light brownish-gray (2.5Y 6/2) silty 
elay, dark grayish brown (2.5¥ 4/2) moist; weak, 
thick, platy structure separating to moderate, medium 
and thin, platy structure; firm, very sticky and very 
plastic; many roots; slighily cffervescent; few nodules 
and threads of lime; mildly alkaline; abrupt, wavy 
boundary. 

IVC4—22 to 40 inches, light brownish-gray (2.5Y 6/2) very fine 
sandy loam, dark grayish brown (2.5Y 4/2) moist; 
common, medium, distinct mottles of dark yellowish 
brown (LOYR 3/4) moist, and common, coarse, faint 
mottles of dark gray {5Y 4/1); weak, thick, platy 
structure separating to weak, thin and medium, platy 
structure; slightly hard, very friable; many roots; 
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: effervescent; common threads of lime between 
Pp. jmildly alkaline; abrupt, wavy boundary. 

VC5—40 to 50 imches. light: brownis! serey, (2.5Y 6/2) silty clay 
loam, dark grayish brown (2.5 ¥ 4/2) moist; common, 
coarse, faint, dark yellowish-brown (10YR 4/4) mot- 
tles; weak, thin, platy structure; firm, sticky and 
plastic; a few roots, slightly effervescent; 1 few threads 
of lime between plates; abrupt, wavy boundary. 

VIC6—50 to 55 inches, light brownish-gray (2.5Y 6/2) very 
fine sandy loam, dark grayish brown (2.5Y 4/2) moist; 
very friable; a few roots; slightly effervescent; abrupt, 
wavy boundary. 

VIIC7—55 to 60 inches, light brownish-gray (@.5Y 6/2) silty 
clay loam, dark grayish brown (2.5¥ 4/2) moist; 
friable; a few roots; slightly effervescent. 

The Al horizon ranges from 6 te 10 inehes in thickness. 
Slightiy darkened horizontal bands, as much as 2 inches thick, 
are common below the Al horizon, Below the Al horizon, 
strata that are coarser than silty clay loam range from less than 
1 inch to 10 inches in thickness but they are less than 5 inches 
thick in most places. Mottles throughout the soil are brown, 
dark yellov and reddish brown, and dark gray. In a few 
there are salis, mainly gypsum, below a depth of 36 


Lohler soils are associated with Tlavrelon and Lallie soils. 
They are finer textured below the Al borizon than Havrelon 
soils and are better drained than the Lallie soils. 

Lohler siliy clay (0 to 3 percent slopes) (Lo).—This soil 
is toward the onter edge of the Missouri River bottom, 
lands. It has long slopes that have an average gradient of 
less than 1 percent. Runoff is slow. Included in mapping 
were small areas of Havrelon silty clay, Tavrelon silty 
clay loam, and Lalle silty clay. 

The main concerns of management are control of soil 
blowing early in spring snd maintenance of good soil tilth, 
fertility, and organicanatter content. After it has been 
tilled, the soil forms hard clods as it dries, but the elods 
break up over winter into granules that are easily blown 
away. Leaving belts of mative trees along cleared areas 
helps to control soil blowing. Most of the acrenge is 
cultivated, and the rest, which has a cover of trees, brush, 
and grass, is used mainly for pasture. This soil is poorly 
suited to corn. It is suited to all other crops commonly 
grown in the county. (Capability unit Hs-4; Overflow 
range site; windbreak group 1) 


Mandan Series 


The Mandan series consists of deep, nearly level to 
gently sloping, well-drained, loamy soils that formed in 
calearcous loess. Those soils are on the Missouri River 
terrace and within 3 miles of the terrace on adjacent 
upland swales. The loess ranges from 40 inches to 8 feet 
in thickness. On terraces it is underlain by stratified loamy 
material or gravel and sand and on uplands by elay loam 
glacial till. 

In a representative profile the surface Inyer is silt loam 
about 17 inches thick and is dark grayish brown in the 
uppet part and grayish brown in the lower part. The 
subsoil is very friable, grayish-brown silt loam about 14 
inches thick. The underlying material is light brownish 
eray. It is silt loam to a depth of about 46 inches, loam to 
a depth of about 55 inches, and fine sandy loam to a depth 
of 60 inches, 

Mandan soils are moderate in organic-matler content, 
high im fertility, and high to moderate in available water 
capacity. Permeability is moderate to a depth of about 
40 inches and moderate to very rapid below that depth. 
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The soils are free of stones and are very easily tilled. 
They are a prime source of sand and gravel for road base 
and surfacing, Vhe aggregate has poor to fair suitability 
for concrete. The soils are used mainly for small grains, 
corn, alfalfa, anc tame grass and have a high potential for 
irrigation, They sre well suited to the crops commonly 
grown in the county. 

Representative profile of Mandan silt loam, nearly 
level, in native pasture, 100 feet east and 690 feet south 
of the northwest corner of sec. 36, T. 144N., R. 82 W. 


All—0 to 3 inches, dark grayish-brown (JOYR 4/2) silt loam, 
very dark brown (JOYR 2/2) moist; weak, medium 
and fine, subsngular blocky structure separating easily 
to weak, fine, crumb structure; slightly hard, very 
friable; many roots; mildly alkaline; diffuse, smooth 
boundary. 

A12—3 to 11 inehes, dark grayish-brown (IOYR, 4/2) silt loam, 
very dark brown (LOYR 2/2) moist; compound strne- 
ture of very weak, coarse prisms and weak, coarse 
blocks; slightly hard, very friable; many roots; mildly 
alkaline; gradual, wavy Boundary. 

A13—11 to 17 inehes, grayish-brown (OYR 5/2) silt loam, 
very dark grayish brown (10YR 3/2) when moist; 
compound structure of weak, eoarse prisms and weak, 
coarse, subangular blocks; slightly hard, very friable; 
many roots; slightly efferveseant; mildly alkaline; 
gradual, wavy boundary. 

B—17 to 31 inches, grayish-brown (10YR 5/2) silt loam, very 
dark grayish brown (OYR 3/2) moist; compound 
structure of weak, coarse prisms und wenk, coarse, 
subangular blocks; hard, very friable; many roots in 
upper part; strongly cffervescent; few faint spots of 
lime; moderately alkaline; gradual, wavy boundary. 

C1—81 to 46 inches, light brownish-gray (2.5Y 6/2) silt loam, 
dark grayish brown (2.3¥ 4/2} moist; compound 
strueture of week, coarse prisms and weak, coarse, 
subangular blocks; hard, very friable; a few roots; 
strongly effervescent; few faint spots of lime; moder- 
ately alkaline; clear, smooth boundary. 

TIC2—46 to 55 inches, light brownish-gray (2.6Y 6/2) loam, 
eri bh brown (2.5Y 5/2) moist; weak, course, sub- 
angular blocky structure; hard, very friable; a fow 
fine roots; strongly effervescent; few faint spats of 
lime; moderately alkaline; clear, smooth boundary, 

IIIC3—55 to 60 inches, light brownish-gray (2.5Y 6/2) fine 
sandy loam, grayish brawn (2.5Y 5/2} moist; very 
weak, coarse, Subangular blocky structure; hard, very 
friable; a few fine roots; strongly effervescent; few 
faint spots of lime; moderately alkaline. 

The Al horizon ranges from 12 to 20 inches in thiekness, 
The solum, or that part of the solum that has color value of 
less than 5.5 and chroma of 8.5, ranges from 20 to 35 inches 
in thickness. Depth to lime ranges from 8 to 22 inches in most 
places, but in a few places the soils are calearesus to the sur- 
fase, In some areas are darkened, buried A horizons below a 
dopth of 50 inches. Below a depth of 40 inches, the underlying 
material ranges from sand and gravel to silty clay loam. 

Mandan soils are similar to Grassna and Arnegard soils. They 
contain more silt and less sand than Arnegard soils and more 
silt and less clay than Grassna soils, 

Mandan silt Joam, nearly Ievel (0 to 3 percent slopes) 
(MaA).—This soil is mainly nearly level, but in places it 
isfslightly undulating. In most places, slopes range from 
1006 to 1,200 fect in length. 

This soil has the profile described as representative for 
the series. 


Included in mapping were small areas of Mandan silt 
loam, gravelly substratum, and Linton and Temvik silt 
Joams. In a few places as much as 60 percent Linton soils 
were included. Runoff is slow. 

The main concern of management is control of soil 
blowing. This soil is used mainly for small grains, corn, 
alfalfa, and tame grass pasture. I¢ is well suited to all 
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crops commonly grown in the county. (Capability unit 
Ile-5; Silty range site; windbreak group 3) 

Mandan silt loam, gently sloping (3 to 6 pereent slopes) 
(MaB).—This soil is gently undulating in places. Slopes 
range mainly from 50 to 600 feat in length. Runoff is 
slow to medium. Included in mapping were small areas of 
Mandlan silt loam, gravelly substratum, and Linton and 
‘Temvik silt loamas. 

This soil is susceptible to soil blowing and water erosion, 
and the hazard of water crosion is greatest in fields used 
for row crops. This soil is used mainly for small grains and 
tame grass pasture. It is well suited to all crops cormmonly 
grown in the county. (Capability unit [le-5; Silty range 
site; windbreak group 3) 

Mandan silt loam, gravelly substratum, nearly level 
(0 to 8 percent slopes) (MbA).—This soil is slightly 
undulating in places. Slopes range mainly from 100 to 1,000 
feet in length. 

This soil has a profile similar to that deseribed as repre- 
sentative for the series, except that sand and gravel occur 
between depths of 40 and 60 inches (fig. 10). Runoff is 
slow. Included in mapping were some areas of Mandan 
silt loam and Stady soils. 

The main concern of management is control of soil 
blowing. This soil is well suited to irrigation, because it 
has a deep root zone and has very rapid permeability in 
the substratum, It is used mainly for small grains and tame 
and native grass pasture and is well suited to a!] commonly 
grown crops. (Capability unit [Ie-5; Silty range site; 
windbreak group 3) 

Mandan silt loam, gravelly substratum, gently sloping 
(3 to 6 percent slopes) (Mb8).—This soil is gently undu- 
lating in places. Slopes range mainly from 50 to 600 foot 
in length. 

This soil has a profile similar to that described as repre- 
sentative for the series, except that sand and gravel are 
between depths of 40 and 60 me Runoff is slow te 
medium. Included in mapping were some aveas of Mandan 
silt loam and Stady soils. 

This soil is susceptible to soil. blowing and water erosion, 
but the hazard of water erosion is greatest in fields used 
for row crops. This soil is well suited to irrigation because 
it hag a deep root zone and has very rapid permeability in 
the substratum. It is used mainly for small grains and 
tame and native grass pasture but is well suited to all the 
commonly grown crops. (Capability unit Ile-5; Silty range 
site; windbreak group 3) 


Manning Series 


The Manning series consists of somewhat excessively 
drained, nearly level to gently sloping soils that are mod- 
erately deep to sand and gravel. These soils are on terraces. 
They have a moderately coarse textured surface layer and 
subsoil and are underlain by sand and gravel at a depth 
of 20 to 86 inches. 

In a representative profile the surface Inyer is dark 
grayish-brown fine sandy loam about 7 inches thick. The 
subsoil is friable and extends to a depth of about 24 inches. 
It is grnyish-brown, heavy, fine sandy loam in the wpper 
part, and brown, gravelly, fine sandy loam in the lower 
pat The underlying material is sand and gravel that is 
ight brownish gray to a depth of about 34 inches and 
pale yellow below that depth, 
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Figure 10—Profile of Mandan silt loam, gravelly substratum, 
nearly level. 


Manning soils have moderate fertility and organic- 
matter content and low availuble water capacity. Permea- 
bility is moderately rapid in the subsoil and very rapid in 
the underlying material. 

The main concern of management is the control of soil 
blowing. Because these soils store very little water, summer 
fallowing is not generally practiced. The coarse-textured 
underlying material restricts the root zonc for deep-rooted 
crops. These soils are used for corn, small grams, and 
grass. They are suited to small grains and well suited to 
corn, grass, and legumes. 

Representative profile of Manning fine sandy loam, 
gently sloping, in a cultivated field, 50 feet cast nnd 420 
feet north of the southwest corner of sec. 13, T. 142 N., 
R. 85 W. 


37 


Ap1l—0 to 7 inches, dark grayish-brawn (10 YR. 4/2) fine sandy 
Joam, very durk grayish brown (1O0YR 3/2) moist; 
Weak, coarse und medium, subangular blocky stru 
ture separating to weak, fine, crumb struefure; 
friable; neutral; abrupt, smooth boundary. 

B2—7 to 18 inches, grayish-brown (LOY R 5/2) heavy fine sandy 
loam, very dark grayish brown (LO YR 3/2) moist; 
moderate, coarse and mediuin, prismatic structure 
separating to moderatc, eoarse and medium, sub- 
angular Dlocky structure; friable; neutral; clear, 
wavy boundary, 

B3—18 to 24 inches, brown (OY R 5/3) gravelly fine sandy 
loam, dark brown (LO YR 3/3) moist; weak, coarse and 
medium, prismatic structure separating to weak, 
medium snd fine, subangular blocky structure; 
friable; strongly effervescent; spots and coatings of 
lime on undersides of pebbles; mildly alkaline; clear, 
wavy boundary. 

TIClea—24 to 34 inches, light brownish-gray (2.5Y 6/2) sand 
and gravel, dark grayish brown (2.5Y 4/2) moist; 
single graincd; loose; violently effervescent; crusts of 
lime on undersides of pebbles; moderately alkaline; 

gradual, wavy boundary. 

11C2—84 to 60 inches, pale-yellaw (5¥ 7/3) sand and gravel, 
olive (SY 5/3) mois gle grained; strongly elfer- 
vescent; moderately alkaline. 

The Al horizon has a color value of 2 or 3 when moist. The B2 
and B3 horizons have a color value of 3 or 4 when moist and 4 or 
6 when dry and a chroma of 2 or 3. The B2 horizon ranges from 
fine sandy loan ta loam in texture. Depth to carbonates ranges 
from about 16 to 25 inches. Depth to the TIC horizon ranges 
from about 20 to Structure is moderite ta weak. 
The sand and grav 
but is derived mainly from sedimentary cocks, 

Manning soils imilar to Lehr, Stady, and Parshall soils. 
Manning soils 1} user textured A nnd B horizons tha 
Lehr and Stady soils. They have thinner A and B horizons and 
a eoarser textured C horizon than Parshall soils. 


Manning fine sandy loam, gently sloping (0 to 6 percent 
slopes) (McB).—Although mainly gently sloping, this soil 
is nearly level in many places. 

Inchuled in mapping were small areas of Parshall and 
Tally fine sandy loams. Runoff is slow. 

The main concerns of management are controlling soil 
blowing and conserving moisture. This soil is used mainly 
for native pasture and hay and for small grains. It is 
suited to small grains and well suited to other commonly 
grown crops. Gully control is needed in fields where corn 
is grown. (Capability unit TITe-3; Sandy range site; 
windbreak group 6) 


Mine Dumps 


Mine dumps (3 to 50 percent slopes) (Md) are partly 
weathered and raw clayey shale, siltstone, and sandstone 
that have been exposed and piled up during the sérip 
mining of coal. Slopes are mainly steep and very steep 
but range from nearly level to very steep. 

Included in mapping was an area, less than 50 acres 
in size, of sinkholes, created by underground mining in 
sec, 15, T. 142 N., R. 82 W. 

This land type is highly susceptible to water erosion. 
Fertility and organic-matter content are low. The surface 
puddles and hardens in many places. Some areas are 
highly alkaline and sodic. 

Revegetation is slow, and the areas of depressions 
between the ridges are better suited to revegetation 
than other areas. Without reclamation, this land type is 
suited to wildlife habitat and recreation and poorly 
suited to pasture. In the more gently sloping areas, 
plantings of trees, grasses, and legumes are moderately 
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successtul. If leveling and intensive management of 
vegetation, fertility, and residues were used, this land 
type could be used ns pasture. (Capability unit VITIs-1; 
not in a range site or windbreak group) 


Morton Series 


The Morton series consists of modcratcly deep, nearly 
level to hilly, well-drained, loamy soils on residual upland 
plains. These soils are underlain by soft calcareous shale 
and soft rock at a depth of 20 to 40 inches. Slopes are 
mainly 200 to 400 feat long. 

In a representative profile the surface layer is very dark 
grayish-brown silt loam about 5 inches thick. The subsoil 
is friable silty clay loam about 13 inches thick, The 
upper 5 inches of the subsoil is dark brown, the next 5 
inches is brown, and the lower 3 inches is light olive 
brown. Below the subsoil is light-gray Joam about 15 
inches thick. The underlying material is pale-yellow and 
yellow, soft, consolidated and stratified siltstone and. 
loamstone. . . 

Morton soils have high available water capacity and 
fertility and moderate organic-matter content. Permes- 
bility is moderate. 

Soft bedrock moderately restricts the root zone of 
deep-rooted crops. The larger tracts of Morton soils are 
used extensively for crops, and the smaller tracts and 
stony areas are used for pasture. Native vegetation is 
msinly western wheatgrass, groen needlegrass, and 

rairie junegrass. Except for hilly or stony areas most 
of these soils are suited to all crops commonly grown in 
the county. 

Representative profile of Morton silt loam in a stone- 
free area of Morton and Sen stony Joams, stoping, in 
native pasture, 300 feet east and 60 feet south of the 
northwest comer of sec. 35, T. 141 N., R. 85 W. 

Al-0 to 5 inches, very dark grayish-brown (I0YR 3/2) silt 
loam, very dark brown (10YR 2/2) moist; weak, 
medium, subangular blocky structure grading te weak, 
medium, prismatic siructure in lower part, separating 
to moderate, medium, granular structure; slightly 
hard, friable; many roots; few fine pores; neutral; 
clear, wavy boundary. 

B2it—5 to 10 inches, dark-brown (10YR 4/8) silty clay loam, 
yety dark grayish brown CLOYR 3/2) moist; very 
dark brown (10YR 2/2) moist; coatings on faces of 
peds; moderate, medium, prismatic structure separat- 
mg to moderate, medium and fine, angular blocky 
structure; hard, friable; thin continuous clay films 
on faces of peds; many roots; common fine pores; 
neutral; gradual boundary. 

B22t—10 to 15 inches, brown (10YR 5/3) silty clay loam, dark 
brown (10¥R 4/3) moist; very dark grayish brown 
(0 YR 3/2, moist) coatings on faces of peds; moderate, 
medium, prismatic structure separating to moderate, 
eoarse to fine, blocky structure; hard, friable; thin 
patchy clay films on faces of peds, common roots; 
many fine pores; neutral; gradual boundary. 

Baca—15 to 18 inches, light olive-brown (2.5Y 5/4) light silty 
clay loam, dark grayish brown (2.5¥ 4/2) moist; a 
few very dark grayish-brown GOYR 8/2, moist) 
coatings on faces of peds; moderate, medium, sub- 
angular blocky structure; hard, friable; a few thin 
clay films on peds; common roots; many fine pares; 
slightly effervescent; a few nodules of lime; moderately 
alkaline; gradual boundary, 

Clea—18 to 33 inehes, light-gray (2.5Y 7/2) loam, grayish 
brown (2.5Y 5/2) moist; weak, course, prismatic 
structure separating to weak, coarse, subangular 
blocky strueture; hard, friable; a few finc roots; com- 


mon fine pores; violently effervescent; many largo 
spots of lime; moderately alkaline; clear boundary. 

C2—33 to 60 inches, pale-yellow GY 7/3) and yellow (2.5Y 
7/6), soft, consolidated, strongly effervescent  silt- 
stoue and Joamstone; rock structure is evident; a 
few roots are in fractures and seams in upper 4 inches; 
moderately alkaline, 


‘The Al horizon has a color value of 8 or 4 when dry, The 
Bet horizon has a hue of 10YR or 2.5¥, chroma of 2 through 
4, and value of 3 or 4 when moist and 4 or 5 when dry. It ranges 


from Joam to silby clay loam in texture and from to 36 
percent in clay content. In places, a B3ca horizon is lacking and 
an intervening B3 or Cl horizon overlies the Cea horizon. The 


sutface layer is generally silt loam, but in a few places it is 
loam or clay losin. Depth to lime ranges from 12 to 30 inches. 
Tn places on the lower slopes, the original rock structure is not 
evident, but the lower part of the C horizon is massive, Glacial 
stones are common on the surface or in the AL horizon, 
Morton soils are associated with Sen and Regent soils. Morton 
soils have a finer textured B2 horizon than Sen soils and a 
coarser textured and more friable Bt horizon than Regent soils. 

Morton sili loam, nearly Ievel (0 to 3 percent, slopes) 
(Mo A).—This soil is mainly in small tracts. 

Included in mapping were small areas of Grail soils in 
swerles; small arcas of Williams, Sen, and Regent soils; 
and small areas of a soil that is like Morton soils but has a 
yellower subsoil that contains more clay. Runoff is slow. 

The main concerns of mangement are maintaining 
organic-matter content, fertility, and soil tilth and con- 
trolling soil blowing. The soil is used mainly for small 
grains, corn, and alfalfa. It is well suited to all crops com- 
monly grown in the county, (Capability unit Tic-6; Silty 
range site; windbrenk group 3) 

Morton siit loam, gently sloping (3 to 6 percent slopes) 
(Mo B).—-This soil is mainly in 5- to 200-acre tracts. — 

Included in mapping were small areas of Grail soils in 
swales. Also included were small areas of Williams, Sen, 
and Regent soils, and small areas of a soil that is like Mor- 
ton soils but has a yellower subsoil that contains more clay. 
Runoff is medium. 

This soil is moderately susceptible to water erosion and 
is more susceptible in fields where row crops are grown 
than in other areas. Tt is used mainly for small grains, corn, 
and. alfalfa. [t is fairly well suited to corn and well suited 
to all other commonly grown crops. (Capability unit 
Ile-6; Silty range site; windbreak group 3) 

Morton silt loam, sloping (6 to 9 percent slopes) 
(MoC).—This soil is mainly in 8- to 50-acre tracts, 

This soil has a profile similar to that described as repre- 
sentative for the series, except that the solum is about 3 
inches thinner. Some cultivated areas have eroded spots 
where plowing has mixed the original surface layer with 
part of the subsoil. Runoff is moderately rapid. 

Included in mapping were small areas of Grail soils in 
swales. Also included were arcns of Williams, Sen, and 
Regent soils and a fow small areas of Werner and Cahbba. 
soils. 

‘This soil is very susceptible to water erosion. It is used. 
mainly for small grains, native grass pasture, and hay, 
It is well suited to grass and legumes, fairly well suited to 
small grains, and poorly suited to corn, (Capability unit 
TIle-6; Silty range site; windbreak group 3) 

Morion silt loam, hilly (9 to 12 percent slopes) (MoD).— 
This soil is mainly in small tracts. 

This soil has a profile similar to that described as rep- 
resentative for the series, except that the solum is about 
4 inches thinner. Some cultivated areas have eroded spots 
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where the brown subsoil has been exposed and plowed. 
Runoft is rapid. 

Included in mapping were small areas of Grail soils in 
swales. Also included were areas of Williams and Sen soils 
and small areas of Regent, Cabba, and Werner soils. 
Even under intensive management, losses of soil are 
excessive in fields where corn is grown. This soil is used 
mainly for native grass pasture. It is well suited to grass, 
fairly well suited to small grains and legumes, and poorly 
suited ta corn, (Capability unit [Ve-6; Silty range site; 
windbrenk group 8) 

Morton-Daglum silt loams, nearly level (0 to 3 percent 
slopes) (MpA}.—This complex consists of well-drained, 
moderately deep, friable soils and moderately well drained, 
deep soils that have a dense claypan. These soils are on 
uplands. Morton soils generally have convex_ slopes. 
Morton silt loam makes up about 55 percent of the com- 
lex, and Daglum silt loam 35 percent, but Morten, 
aglum, Rhoades, and Belfield soils are intricately mixed 
in the complex. 
neluded in mapping were many spots of Rhoades and 
Belfield soils, a few small arens of Grail, Willams, Sen, 
and Regent soils, and some areas of scils that have a loam 
surface layer. Runoff is slow, 

Practices that improve permeability of the claypan are 
needed. Soils of this complex are used mainly for small 
gruins and native pasture. ‘Phe soils are well suited to 
grass, Most of the soils are fairly well suited to small 
grains, lezumes, and corm, but during dry periods, crop 
yields are drastically reduced on the Daghim soils in this 
complex. (Capability unit TTTs-6P; Morton part in Silty 
range site, and Daglum part in Claypan range site; 
Morton part in windbreak group 3, and Daglum part in 
windbreak group 9) 

Morton-Daglum silt loams, gently sloping (3 to 6 
percent slopes) (MpB).—This complex consists of well- 
drained, moderately deep, friable soils and mederately 
well-drained, deep soils that have a dense claypan. These 
soils are on uplands. Morton soils generally have convex 
slopes. Morton silt loam makes up about 50 percent of the 
complex, and Daglum silt loum 35 percent, but Morton, 
Daglum, Rhoades, and Belfield soils are intricately mixed 
in the complex, Runoff is medium. 

The Daglum soil has the profile described as representa- 
tive of its series, 

Included in mapping were many spots of Rhoades and 
Belfield soils, a few small areas of Grail, Williams, Sen, 
and Regent soils, and some areas of soils that have a loam 
surface Juyer. 

Practices are needed to improve permeability of the 
claypon and to control water erosion. Soils of this complex 
are used mainly for smell grains and native grass pasture. 
The soils are well suited to grass. Most of the soils are 
fairly well suited to small grains, corn, and legumes, but 
in dry periods yields are much reduced on the Daghim 
soils, Gullying is a concern in fields where row crops are 
grown. (Capability unit WIe-6P; Morton part in Silty 
Tange site, and Daglum part in Claypan range site; 
Morton part in windbreak group 3, and Daglum part in 
wind real group 9) 

Morton-Daglum silt loams, sloping (6 to 9 percent 
slopes) (MpC).—This complex consists of well draitied: 
dep, friable scils and moderately well drained, deep soils 
that have a dense claypan. These soils are on uplands. 

381-701—75-_4 
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Contiguous areas of Morton soils that have convex 
slopes are generally move than § acres but less than 10 
acres in size. Morton si} loam makes up about 50 percent 
of the complex, and Daglum silt loam 35 percent. 

The Morton soil has a profile similar to that described 
as representative for the series, except that the solum is 
about 8 inches thinner. Runoff is moderately rapid to 
rapid. 

Included in mapping were many small spots of Rhoades 
and Belfield soils. Also included were o few small areas of 
Grail, Williams, Sen, 2nd Regent soils and some areas cf 
soils tht have a loam surface layer. 

Water erosion is a serious concern on unprotected slopes. 
Soils of this complex are used mainly for native grass pas- 
ture. Corn cannot be grown without excessive losses of 
stil. The soils are well suited tc grass, fairly well suited to 
marginally suited to small grains, and poorly suited to 
corn. (Capability unit 1Ve-6P; Morton part in Silty range 
site, and Baglam part in Claypan range site; Morton part 
in windbreak group 8, and Daglum part in windbreak 
group 9) 

Morton and Sen stony loams, sloping (3 to 9 percent 
slopes) (MsC).—This undifferentiated group consists of 
arenas of stony Morton and Sen soils and intervening areas 
of these soils that arc relatively stono free. The stony and 
stone-free arens are too intricately associated to be mapped 
separately, but stony areas are dominant. Stones, cobble- 
stones, and boulders cover about 10 percent of the soil 
surface. More than half are larger than 10 inches in diam- 
eter, The stones are mainly glacial and granitic or residual 
and silicified. 

The Morton soil has a surface Jayer of silt loam, and the 
Sen. soils has a surface layer of loam. The Morton soil has 
the profile described as representative of the series. Runoff 
is medium to moderately rapid. Some areas have gentle 
slopes. Most tracts of this soil complex are between 5 and 
25 acres in size and are mainly in the southern and south- 
western parts of the county. 

Stone clearing has not been economically feasible, but 
many areas have becn cleared by contractors who use the 
stone for construction. This complex is well suited to and 
is used for pasture. Cleared areas are suited to most crops 
grown in the county. (Capability unit VIIs—Si if uncleared, 
and Ille-6 if cleared; Silty range site; windbreak group 10) 


Noonan Series 


The Nconan series consists of deep, undulating, mod- 
erately well drained, loamy soils that have a dense claypan 
subsoil. These soils are on glacial uplands that are covered. 
with thin, wind-laid, loamy material. 

Tn a representative profile the surface layer is very dark 
grayish-brown loam about 8 inches thick, The subsurface 
layer is groyish-brown loamy fine sand about 3 inches 
thick. The subsoil is clay loam to a depth of about 22 
inches. [t is firm and dark grayish brown in the upper part 
and friable and light brownish gray in the lower part. The 
underlying material is multicolored, mottled, light brown- 
ish-gray, light olive-gray, and olive-gray clay loam glacial 
till. 

Noonan soils are moderate in organic-matter content, 
available water capacity, and fortility. Permeability is 
slow, and the claypan restricts the penetration of roots and 
meisture. 
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Adding manure and crop residue and growing legumes 
help to break up the claypan. These soils are used mainly 
for crops. They are suited’ to grass, fairly well suited to 
small grains, and poorly suited to corn and legumes. 

Representative profile of Noonan loam in an area of 
Noonan-Flaxton. soils, undulating, in a cultivated field, 
725 feeb west and 100 feet north of the southeust corner 
of the NEY sec. 4, T. 143 N., R. 85 W. 


Api— to 8 inches, very dark gravieli brown (1O¥R 3/2) loam, 
very dark brown (10 YR 2/2) moist; weak, corse and 
medium, subangular blocky structure separating to 
weuk, fine erunb structure; slightly hard, fi le; 
many fine pores; neutral; abrupt, wavy boundary. 

A2—S to 11 inches, grayish-brown (10 vk 5/2) loumy fine sand, 
very dark grayish brown (10 YR. 8/2) noist; compound 
weak, coarse, subangular blocky und wesk, thick, 
platy structure; slightly hard, very friable; common 
fine pores; neutral; abrupt, wavy boundary. 
to 18 inches, dark grayish-brown (1O¥YR 4/2) clay 
loam, very dark grayish brown (LOYR 3/2) moist; 
tops of columns coated with light gray (1(OYR 7/2) 
dry; vertical surfaces of peds coated with very dark 
brown (1OYR 2/2) moist; strong, course, columnar 
structure in upper parb und moderate, cou it 
miatie structure in lower part; ly he 
few pores; continuous elay films on peds; moderately 
alkaline; clear, wavy boundary. 

B8ca—~18 to 22 inches, light brownish-gray (2.5Y 6/2) clay 
loam, dark grayish brown (2.5Y 4/2) moist; maderate, 
medium, prismatic structure separating to moderate, 
medium, subangular blocky structure; hard, friable; 
strongly gifervescent; white (2.4Y 8/2) threads and 
nodules of lime; common pores; o few salt nests; 
strongly alkaline; clear, wavy boundary. 

Clea—22 to 44 inches, light brownish-gray (2.5Y 6/2) clay 
loam, grayish brown (2.0Y 5/2} ma very weak, 
coarse, prismatic structure separating to weak, 
medium, subangular blocky structure; hard, firm; 
violently effervescent; white (2.5¥ 8/2) spots and 
erusts of Hime on bottom of pebbles; few gypsum 
orystals; strongly alkaline; gradual, wavy boundary. 

C2—44 to 60 inches, multicolored grayish-brown and light 
brownish-gray (2.5Y 4/2 und’ 6/2) olive-gray and 
light olive-grmy (6Y 5/2 and 6/2) clay loam; few, 
prominent, medium, strong-brown (7.5YR 5/8) 
mottles; massive; firm; strongly effervescent; a few 
gypsum erystils; strongly alkaline. 

‘The Al horizon is loam or fine sandy foam and has a color 
value of 8 or 4 when dry. The A2 horizon is loamy fine sand or 
fine sandy loam, Colors below the B2 horizon are in » hue of 
2.5Y or 5Y. The C horizon is firm, alkaline glacial till, The. 
solum ranges from 16 to 25 inches in thickness. Coarse sand, 
gravel, and stones occur at random throughout the profile. 

Noonan soils are associnted with tan and Livona soils. 
Noonan soil has a columnar Bet horizon that is absent in 
Flaxton and Livona soils. 


Noonan-Flaxton soils, undulating (3 to 6 percent slopes) 
(NfB).—This complex consists partly of deep, moderately 
well drained, loarny soils that have a claypan. and. partly 
of well-drained, friable soils. Noonan soils make up about 
45 percent of the complex, and Flaxton soils 40 percent. 

In most: places the soils have a surface layer of loam, 
but in some pla the surface layer is fine sandy loam. 
Runoff is mainly medium but is slow in included nearly 
level oveas. 

Included in mapping were many small areas of Livona. 
and Williams soils and of a soil that is like Noonan soils 
but has a friable layer, ns much as 36 inches thick, above 
the claypan subsml. Also ineluded were some areas of 
nearly level soils, a few areas of slopmg soils, and a few 
smal] areas of Parshall fine sandy loam und Parshall Joam, 

Practices are needed that improve permeability of the 

claypan and that control soil blowing and water erosion. 


= 


B2t—1L 


a 


SOIL SURVEY 


The soils of this complex are used mainly for small grains 
and corn. They are suited to grass and small grains and 
fairly well suited to corn and Jegumes. (Capability unit 
TITe-83; Noonan part in Claypan range site, and Flaxton 
part in Sandy range site; Noonan part in windbreak group 
9, and Flaxton part in windbreak group 5) 


Parnell Series 


The Parnell series consists of deep, nearly level, very 
poorly drained soils in deop to moderately deep basins on 
uplands covered with glacial till and thin loess. 

In a representative profile the surface layer is dark gray, 
mottled silt loam about 7 inches thick. It is covered with a 
thin layer of organic mulch, The subsoi] is firm sil 
Joam about 28 inches thick. It is dark gray and mot 
the upper part and gray in the lower part. ‘The underlying 
material is gray, mottled, firm. silty clay. 

The Parnell soil is high in avuilable water capacity, 
organic-mitter content, and fertility, Permeability is 
slow. 

Wetness is the main concern of management. Unl 
artificially drained, this soil is ponded throughout the 
growing season. Drained areas are used mainly for late- 
seeded forage crops. They are well suited to grass and fairly 
well suited to all other crops sommonly grown in the 
county, but there is risk of crop damnge by flooding during 
heavy rains, Undrained reas are used mainly as wetlands 
for wildlife habitat and as Iate-senson pasture. In these 
areas the native vegotation is wetland sedges and grasses 
and a few bulrushes and cattails, - 

Representative profile of Parnell silt loum in native 
pasture, 100 feet north and 1,190 feet east of the south- 
west comer of SEY sec. 34, I’. 143 N., R. 82 W. 

AQ--1 to 0 inches, darkegray and dark grayish-brown (OYR 
4/1 and 4/2) partly decomposed plants, black, and 
vory dark brown (LOY R 2/1 and 2/2) moist; a few 
small snail shells; neutral; clear boundary. 

Al—0 to 7 inches, dark-gray (10YR 4/1) silt loam, black 
(1OYR 2/1) moist; a few, fine, faint, dark yellowish- 
brown (LOYR 3/4} mottles, yellowish brown (JOYR 
5/6); weak, thick, platy structure in upper part and 
weak, medium subangular blocky strueture in the 
lower part; friable, sticky and slightly plastic matted 
roots; neutral; clear boundary. 

B21—7 to 20 inches, dark-gray (OYE, 4/1) silty clay loam, 
very dark gray (LOYR 3/1) moist; common, medium, 

dishinet, dark ycllowish-brown (LUYR, 3/4) imottles, 
yellowish brown (JOYR 5/6); moderate, imedium, 
angular blocky structure separating to strong, fine, 
blocky structure; firm, very sticky and very plastic; 
thin clay skins on surfaees of peds; mildly alkaline; 
gradual boundary. 

B22—20 to 35 inches, gray (LOYR 5/1) silty clay leam, very 
dark gray GOYR 3/1) moist; moderate, medium, 
angular blocky structure separating to strong, fine, 
angular blocky structure; firm, very sticky and very 


plastic; patchy clay skins on surfaces of peds in upper 
part; a few roots in lower part; mildly alkaline; clear 
boundary. 


Cg-—-35 to 60 inches, gray (65Y 6/1) silty clay, very dark 
gray (GY 3/1) moist; common, coarse, faint, olive 
(BY 4/3) mottles, pale olive (SY 6/3) dry; weak, 
coarse, angular blocky structure; firm, very sticky 
and very plastic; slightly cfferveseent below depth 
of 48 inches; mildly alkaline. 


‘The AO horizon ranges from 0 to 3 inches in thickness, The 
Al horizon ranges from black (10YR, 2/1) to very dark brown 
(OYR 2/2) when moist and is 6 to 12 inches thick, Tn some 
places there is an A2 horizon that is less than 4 inches thick. 
The B2 horizon ranges from black (N 2/1 or LOYR 2/1) to 
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very dark gray (N 3/0 or 1OYR 38/1) when moist. The B2 
horizon is silty clay loam or silty clay 20 to 30 inches thick. 
The Cg horizon is blocky silty clay ar silty clay loam and is 
very dark gray (5Y 3/1), dark clive gray (SY 3/2), or olive 
gray (SY 4/2) when moist. The degree of mottling and depth 
to lime vary greatly. No horizon has lime accumulation, and 
many places have no lime at a depth of less than 5 feet. 
Parnell soils are similar to ‘Tonka and Dimmiek soils, which 
are also in basins. Parnell soils occupy deeper basins and are 
morc poorly drained than Tonka sails. They are darker colored 
to greater depths and eaarser textured than Dimmick soils. 

Parnell silt leaam (0 to 3 percent slopes) (Pa).—This 
soil occupies 5- to 70-acre, round to oblong basins on 
uplands. ‘The depth of most basins is 3 to 6 feet, Well- 
defined drainageways carry overflow from many of the 
basins. 

This soil has the profile described as representative o! 
the series. 

Ineluded with this soil in mapping were small areas of 
Tonka soils on the outer edges of some basins. Two smal 
basins that are very poorly drained but have sandy soils 
are also included with this soil in mapping. These basins 
are in the NW sec. 18, T. 143 N,, BR. 85 W. and the 
NEY sec, 6, T. 143 N., R. 86 W. 

Wetness is the main concern of management, Undrained 
areas are not suited to cultivated crops. They are best 
suited to and are used for late-season pasture and wildlife 
habitat. Drained areas are used maimly for perennial hay 
or late-seeded annual hay or small grains, They are wel 
suited to grass and fairly well suited to all other crops 
commonly grown in the county. There is risk of crop 
damage by flooding during heavy rains. (Capability unit 
Vw-W1 if undrained, TlTw-6 if drained; Wetland range 
site; windbreak group 10 if undrained; 2 if drained) 


Parshall Series 


The Parshall sevies consists of deap, nearly level to 
sloping, well-drained, loamy soils in swales and on ter- 
races, valley fans, and foot slopes of the uplands. 

In a representative profile the surface layer is very 
dark grayish-brown fine sandy Jonm about 16 inches 
thick. The subsoil is very friable, dark grayish-brown fine 
sandy lonm about 16 inches thick. The underlying mate- 
vial 1s stratified, dark grayish-brown and grayish-brown 
fine sandy loam and loamy fime sand. 

Parshall soils are high in organic-mutter content and 
moderate in available water capacity wnd fertility. Per- 
menbility is moderately rapid. 

The main concerns of management are conserving 
water, controlling crosion, and maintaining fertility, Most 
of the soils are used for crops, They are well suited to 
fairly well suited to all crops commonly grown in the 
county. 

Ropresentaiive profile of Parshall fine sandy lonm, 
nearly level, in nadave grass, on a north-facing slope of 2 
percent, 210 feet east and 880 feet north of the southwest 
corner of the NW1/4 sec. 7, T, 148 N., RB. 85 W. 

A1—0 to 16 inches, very dark grayish-brown (10YR 3/2) fine 
sandy leam, very dark brown (lOYR 2/2) moist; 
weak, coarse, subangular blocky structure in the 
upper part and weuk, conrse, prismat 
the lower part; very friable; many Foot: 

ral; gradual, wavy boundar: 
os, dark grayish-brown (10 YR 4/2) fine sandy 
loam, very dark grayish brown (LOYR 3/2) moist; 
uk, coarse, prismatic structure separating to wenk, 
rse, subangular blocky structure; very friable; 


common roots; a few pores; neutral; clear, wavy 


royish-brown (LOYR 4/2) louiny 
k grayish brown (LO YR 3/2) moist; 
prismatic siructure separating to 
coarse, guiar blocky structure; very 
ightly effervescent; 2 few small nodules and 
threads of lime; mildly alkaline; clear, wavy boundary. 
TIC2—-40 to 50 inches, grayish-brown (LOYR 4/2) fine sandy 
dark grayish brown (LOYR 4/2) moist; weak, 
s ngular blocky structure; very friable; 
orveseent: a few small nodules and threads 
mildly alkaline; clear, wavy boundary. 
inches, grayish-brown (OY R 5/2) loamy fine 
sand, dark grayish brown GOYR 4/2) moish; very 
, eearse, Subangular blocky ichure; very 
frinble; slightly effervescent; « few threrds and nodules 
of lime; moderately alkaline. 


The A horizon is Joam or fine sandy loam and ranges from 
§ to 20 inches in thickness. The B82 horizon has @ color chroma 
of 2 ar 8 and a value of 2 or 3 when moist and 4 or 6 when dry, 
The B2 horizon has 2 wenk to moderate, prismatic structure. 
The © horizon, below a depth of 40 inches, ranges from clay 
Joam till te loamy sand and gravel. Depth to carbonates ranges 
from 24 to more than 60 inches. In most places the carbonates 
are below a depth of 30 inches. Between depths of 10 and 40 
jnches the texture is typically fine sandy loam. Below a depth 
af 50 inches in some places is a buried A horizon but below 4 
depth of 30 inches in many places are horizons of loamy fine 
sand or sandy loum. 

Parshall soils are associ 


fed with and are similar to Lihen, 

, and Vebar soils. Parshall soils are not so coarse textured 
as Lihen soils. They are ‘ker eolored to a greater depth than 
Tally and Vebnar soils, and thoy lack the soft sundstone under- 
lying miteria] that is typical of Verbar soils. 


Parshall fine sandy loam, nearly level (0 to 6 percent 


slopes) (PbA).-—This soil has mainly smooth, uniform, 
nearly level slopes, but in some places it is gently sloping 
or gently undulating. 


This soil has the profile described as representative of 
the series. Runoff is slow. 

Included with this soil m_ mapping were small areas of 
Flaxton fino sandy loam, Vebar fine sandy loam, Tally 
fine sandy loam, Liken fine sandy loam, Parshall loam, 
and Arnegard loums, Some eroded areas that have sandy 
deposits ridged at field borders and fence lines were also 
included. Also included were soils that are like Parshall 
soils but ure darker colored below a depth of 50 inches 
and. 56 acres of a soil in which the lower part of the subsoil 
and the substratum are loam to clay loam, This acreage 
is in the 84 sec. 9, T. 142 N., R. 82 W. 

‘The main concern of management is soil blowing. Water 

erosion is a concern only on the steeper, longer slopes, in 
cultivated drainageways, and on cattle trails. This soil is 
used mainly for small grains, corn, and alfalfa. It is suited 
to smull grains and well suited to all other commonly 
grown crops. (Capability unit [[le-3; Sandy range site; 
windbreak group 1} 
Parshall loam, nearly level (0 to 3 percent slopes) 
(Pc A).—This soil has smooth, uniform slopes. The tracts 
vary greatly in size, but they are mainly smaller than 
40 acres. 

This soil hag a profile similar to the one described as 
representative for the series, except that the surface layer 
is loam. Runoff is slow, 

Included with this soil in mapping were small areas of 
Flaxton and Vebar soils and a few small areas of Amegard 
Joam and Parshall fine sandy loam. Also included were 
soils that are like Porshall soils but are darker colored 
below a depth of 50 inches. 
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Main concern of management is control of soil blowing. 
This soil is used mainly for small grains, corn, and alfalfa. 
Tt is well suited to all crops commonly grown in the 
county. (Capability unit [le-5; Sandy range > wind- 
break group 1) 


Parshall loam, gently sloping (8 to 6 percent slopes) 
(PceB).—This soil has smooth, uniform slopes. 

This soil has a profile similar to that described as 
representative for the series, except thnt the surface layer 
is loam. Runoff is slow to medium. 

Included in mapping were small areas of Flaxton and 
Vebar soils and some areas of Armegard loam and Parshall 
fine sandy loam. Also included were soils that are like 
Parshall soils but are darker colored below a depth of 
50 inches. 

This soil is subject to soil blowing and water erosion. It 
is susceptible to water erosion on the longer, steeper slopes, 
in cultivated drainageways, and on cattle trails. The soil is 
used mainly for small grains, alfalfa, and corn, It is well 
suited to all commonly grown crops. It needs more inten- 
sive management for erosion control in fields where row 
crops are grown. (Capability unit Te-5; Sandy range site; 
windbreak group 1) 

Parshall-Tally fine sandy loams, sloping (6 to 9 percent 
slopes) (PtC).—This complex consists of well-drained 
deep soils. Parshall fine sandy loam makes uP about 65 
percent of the complex, and ‘Tally fine sandy loam 30 
percent. 

The Parshall soil has a profile similar to that described 
as representative for the series, except that the combined 
thickness of the surface layer and subsoil is about 6 inches 
less. The Tally soil has the profile described as representa- 
tive for its series. Both of these soils are mainly fine sandy 
loam to a depth of 60 inches, but in few areas they have a 
surface texture of loam, and in some areas they are mainly 
loamy fine sand below the surface layer, Runoff is medium. 
Included in mapping were small areas of Maxton, Vebar, 
and Arnegard sotls and few areas of Lihen and Telfer fine 
sandy loam. 

These soils are susceptible to soil blowing. They are 
susceptible to water crosion in fields where row crops are 
grown, and intensive management is needed to prevent 
excessive losses of soil. The soils of this complex are used 
mainly for grass and small grains. They are well suited to 
grass and legumes and fairly well suited fo small grains. 
They are also fairly well suited to corn if gullying is 
adequately controlled. (Capability unit [Ve-8;° Sandy 
range site; Parshall part in windbreak group 1, and Tally 
part in windbreak group 5) 


Regan Series 


The Regan series consists of a deep, nearly level, 
caleareous, poorly drained to very poorly drained soil. 
These soils are in shallow basins and glacial melt water 
channels below sceps and along strearns. They are wet to 
the surface or have a high water table during most of the 
growing season, 

In a representative profile the surface Jayer is strongly 
effervescent silt loam about 10 inches thick. It is dark gray 
in the upper part and gray in the lower part. The under- 
lying material is frinble, gray, very strongly offervescent 
silty clay loam to a depth of about 34 inches; calcareous, 
pate-olive silty clay loam to a depth of about 44 inches; 
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and light olive-gray, stratified clay loam and loam below 
that depth. 

The native vegetation includes prairic cordgrass, 
sloughgrass, switchgrass, wetland sedges, and rushes. In 
the naturally better drained areas are big bluestem and 
little bluestem. 

Rogan soils have high available water capacity and 
moderate fertility and permeability, Organic-imatter 
content is high at the surface. 

Wetness is the main concern of management, The soils 
are used mainly for pasture and hay. ‘The naturally better 
drained areas are suited to small grains. The very poorly 
drained areas are suited to pasture and wildlife habitat. 


Representative profile of Regan silt loam in an area of 
Colvin and Regan silt loams, in native grass, 925 feet 
south and 990 feet west of the northeast corner of sec. 3, 
T. 143 N., R. 85 W. 


All—0 to 5 inches, dark-gray (2.5Y 4/1) silt loam, very dark 
gray (2.5Y 3/1) moist; weak, medium, crumb struc- 
ture; friable; matted roots; common fine pores; 
strongly effervescent; moderately alkaline; clear, 
wavy boundary. 

A12—5 to 10 inches, gray (2.5Y 5/1) silt loam, very dark gray 
(SY 3/1) moist; weak, coarse and medium, prismatic 
structure separating to moderate, medium, crurnb 
structure; friable; numerous roots; common fine 
pores; strongly effervescent; moderately alkaline; 
gradual, wavy boundary. 

Clea—10 to 19 inches, gray (SY 6/1) silty clay loam, dark gray 
(5¥ 4/1) moist; weak, coarse, subangular blocky 
structure separating to moderate, medium, granular 
structure; friable; numerous roots; common fine 
pores; very strongly effervescent; moderately alkaline; 
gradual, wavy boundary. 

C2ca—19 to 34 inches, gray (5Y 6/1) silty clay loam, dark 
gray (SY 4/1) moish; weak, coarse, subsngular blocky 
structure; friable; cammon medium and fine roots; 
common finc pores; very strongly cffervescent; 
moderately alkaline; clear, wavy boundary. 

C3—384 to 44 inches, pale-clive (5¥ 6/3) silty clay loam, olive 
(5¥ 5/3) moist; weak, medium and coarse, subangular 
blocky structure; friable; a few medium and fine 
roots; comman fine pores; strongly effervescent; 
moderately alkaline. 

TICg—44 to 60 inches, light olive-gray (YY 6/2) stratified clay 
loam, silty clay loam, and loam, olive gray (5¥ 5/2) 
moist; coarse, weak, subangular blocky structure; 
friable; strongly effervescent; moderately alkaline. 


Tn places on the wetter sites, an AO horizon, as much ag 4 
inches thick, overlies the Al horizon. The All horizon has a 
hue of 10YR or 2,.5Y, value of 2 or 3, and chroma of 1 or 2 
when moist. The Al2 horizon has a hue of 2.5Y or 5Y, value 
of 3, and chroma of 1 or 2 when moist. In a few places the AL 
horizon contains soluble salts. The C horizon, below a depth 
40 inches in some places, is sand and gravel underlain by 
silty clay to clay loam. In wetter arcas it has neutral hues. 
Mottling ranges from none to common, prominent, brown or 
dark yellowish brown. In few places there are broken and 
irreguar boundaries between the Al, Cea, and Cg horizons, 

Regan soils are similar to Colvin and Tonka soils. They hive 
a lighter colored Al horizon than Colvin soils. They lack the 
leached A2 and B2t horizons typical of Tonka soils, and they 
contain much more lime than those soils. 


Regan silt loam (0 to 3 percent slopes) (Re).—This soil 
occupies very poorly drained upland swales. Areas of this 
soil are below seeps, on bottom lands along creeks, and in 
glacial melt water channels, 

The profile of this soil is similar to that described as 
representative for the series, except that it has yellower 
en and mottles below the surface layer. Runoff is very 
slow. 
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Included in mapping were small areas of poorly drained 
Regan soils and Strongly saline jand. Small areas of more 
strongly sloping soils were also included. 

The surface layer seldom dries out, and most of the time 
the water table is at a depth of 0 to 2 feet, Drainage is 
not economically feasible. This goil is well suited to and 
used for midseason and late-season pasture, because at 
these times the water table is lower, Jt has good sites for 
developing water for livestock. (Capability unit Vw-W]; 
Wetland range site; windbreak group 10) 


Regent Series 


The Regent serics consists of moderately deep, nearly 
level to sloping, well-drained soils that have a clayey 
subsoil. They are on residual uplands and have long, 
plane and convex slopes. These soils formed in clayey and 
loamy shales, mainly in the Fort Union Formation. Shale 
beds lie at depths of 30 to 40 inches. 

Tn a representative profile the surface layer is silty clay 
Joam about 10 inches thick, It is very dark grayish brown 
in the upper part and dark grayish brown in the lower 
part. The firm subsoil, which extends to a depth of 30 
inches, is grayish-brown silty clay in the upper part, 
light brownish-gray silty clay in the middle part, and 
light-gray silty clay loam in the lower part. The under- 
lying material is firm, pale-yellow, silty clay loam to a 
depth of 38 inches. Below this are beds of very firm, pale- 
yellow, silty clay shale. 

The main native vegetation is western wheatgrass, 
ereon needlegrass, blue grama, buffalograss, upland sedges, 
and forbs. 

These soils have moderate organic-matter content and 
high available water capacity and fertility, Permeability 
is slow. ‘These soils are resistant to soil blowing. Shale beds 
moderately restrict the root zone for deep-rooted eraps. 

Most of these soils are used for small grains nnd native 
pasture and hay. They are well suited fo grass. Most of 
them are well suited to fairly well suited to small grains 
and legumes and poorly suited to corn. 

Representative profile of Regent silty clay loam, 
gently sloping, in a cultivated field, 180 feet north and 
690 foet west: of the southenst corner of the SW sec. 27, 
T. 143 N., R. 85 W. 


Ap1—0 to 6 inches, very dark grayish-brown (LOYR 3/2) 
silty clay loam, very dark brown (OYR 2/2) moist; 
weak, coarse, subangular blocky structure separating 
to moderate, medium, granular structure; friab} 
eommon roots; ucutral; abrupt, smooth bound: 

A12—6 to 10 inches, dark grayish-brown (1OYR. 4/2) silty 
clay loam, very dark grayish brown (LO YR. 3/2) moist; 
weak, coarse, prismatic structure separating to mod- 
erate, medium and fine, angular blocky structure; 
firm; common roots; neutral; gradual, wavy boundary. 

B2it—10 to 18 inches, grayish-brown (2.5Y 5/2) silty clay, 
very dark grayish brown (2.5¥ 3/2) moist; on faces 
of peds are patchy stains of very dark brown (10YR 
2/2) moist; weak, coarse, prismatie structure separat- 
ing to strong, medium and fine, angular blocky struc- 
ture; firm; clay films on faces of blocks; common 
roots; mildly “alkaline; gradual, wavy boundary. 

B22t—18 to 24 inches, light brownish-gray (2.5Y 6/2) silty 
clay, dark grayish brown (2.5Y 4/2) moist; on faces 
of peds in upper part are stains of very dark grayish 
brown (10YR 3/2) moist; weak, coarse, prismatic 
structure separating to moderate, coarse and medium, 
angular blocky structure; firm; clay films on faces of 
blocks; common roots; slightly effervescent in lower 
part; moderately alkaline; clear, wavy boundary. 
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B3ea—24 to 30 inches, light-gray (6¥ 7/2) silty clay loarn, 
olive gray (6Y 4/2) maist; weak, coarse, prismatic 
structure separating to moderate, medium, angular 
blocky structure; firm; common roots; common fine 
pores; strongly effervescené; many nodules of lime; 
moderately alkaline; gradual, wavy boundary. 

Clea—2a0 to 88 inch palo-yellow (5¥ 7/8) silty clay lear, 
olive (SY 5/8) moist; afew, medium, distinct mottlos 
of yellowish-brown (LOYR. 5/6) moist; weak, coarse, 
blocky structure separating to weak, thick, platy 
structure; firm; few roots; few fine pores; strongly 
effervescent; common nodules of lime; moderately 
alkiline; clear, wavy boundary. 

C2—88 to 60 inches, pale-yellow (6 ¥ 7/8 and 7/4) silty clay, 
olive (FY 5/3 and 5/4) moist; very firm shale; slightly 
effervescent; moderately alkaline. 

The A horizon has a color vatue of 2 or 3 when moist and 3 
or 4 when dry. The B2t horizon has a hue of 2.5Y or &Y and 
value of 3 to 5 when moist and 5 to 6 when dry. Tn places this 
horizon and the ones below are yellowish-brown. This appears 
as pockets or discontinuous bands as mucb as 6 inches thick, 
In most places clay films are thin and patchy or continuous on 
¢he blocks in the B2t horizon. In most plaves there {s lime ac- 
cumulation in both a B3ea and Cea horizon. ally, the C 
horizon contains a considerable amount of soluble salts. Glacial 
and silicified stones are common on the soil surface in places. 
Some arcas in native sod have a silt loam surface layer (prob- 
ably loess) 2 to 4 inches thick, 

Regent soils are associated with Grail and Morton soi 
Regent soils are not go dark colored to so great u depth as G 
soils. They have a B2t horizon that is finer textured and 
firmer thin that of Morton soils. 

Regent silty clay loam, nearly Ievel (0 to 3 percent 
slopes) (RgA).—Included with this soil in mapping were 
small areas of Savage, Grail, Williams, and Morton soils. 
The Grail soilg ave in swales. Also included were a few 
arcas of soil that is like Regent soils but has a surface 
layer of silt loam. Runoff is slow. 

The main concerns of management are m ain tenance 
of organic-matter content, fertility, and good soil tilth. 
This soi! is used mainly for small grains and alfalfa. Tt is 
well suited to small grains, elfalfa, and grass and fairly 
well saited to corn. (Capability unit 1Ic-7; Clayey range 
site; windbreak grow P 3) 

Regent silty clay loam, gently sloping (3 to 6 percent 
slopes) (RgB).—This soil has the profile described as 
representative of the series. Runoff is medium. 

Included with this soil in mapping were small arcas of 
Savage, Grail, Williams, and Morton soils. ‘The Grail soils 
are in swales. Also included were a few areas of a soil that 
is like Regent soils but has a surface layer of silt loam. 

Water erosion is a moderate hazard and is most critical 
in fields where row crops are grown. This soil is used 
mainly for small grains and alfalfa. It is well suited to 
small grains, alfalfa, and grass and fairly well suited to 
corn. (Capability unit Ile-7; Clayoy range site; wind- 
break group 3) ; 

Regent silty clay loam, sloping (6 to 9 percent slopes) 
(ReC).—This soil has a profile similar to that described 
as representative for the series, except that the combined 
thickness of the surface layer and subsoil is about 4 inches 
less. Runoff is moderately rapid. 

Included with this soil in mapping were small arcas of 
Grail silly clay loam and Morton silt loam. The. Grail 
soils are in swales. Also included were areas of a soil that 
js like Regent soils except that shale is at a depth of 25 
to 30 inches. 

Water erosion is a serious concern on unprotected 
slopes. This soil is used mainly for small grains and grass. 
Ibis well suited to grass and legumes, fairly well suited to 
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small grains, and poorly suited to com. (Capubility unit 
Ile-7; Clayey ratige site; windbreak group 3) 

Regent-Daglum silty clay loams, nearly level (0 10 3 
poreent slopes) (R!A).—This complex consists partly of 
well-drained, deep soils that have o firm subsoil and 
partly of moderately well drained, deep soils that have a 
dense claypan. ‘These soils are on residual uplands, Regent 
silty clay loam makes up about 65 percent of the complex, 
and Daglum silty clay loam 25 percent. Contiguous areas 
of Regent silty clay loam are generally more than 5 acres 
In. SIZE. 

The Daglum soil has a profile similar to that described 
as representative for the series, except that it has a surface 
layer of silty clay loam in most places. Rimoff is slow 
Included in mapping were small areas of Grail, Belfield, 
Rhoades, Savage, Morton, Son, and Lawther soils. 

Soils of this complex are resistant to soil blowing. The 
main concern of management is improvement of claypan 
permeability. The soils are used mainly for small grains, 
grass, and legumes. They are well suited to grass, fairky 
well suited to small grains and legumes, and poorly suited 
to corn. (Capability unit ITTs-7P; Regent part in Clayey 
range site, and Daglim part in Claypan range site; 
Regent: part in windbreak group 3, and Daglum part in 
windbreak group 9) 

Regent-Daglum silty clay loams, gently sloping (3 to 6 
percent. slopes) (RIB)—This complex cousists partly of 
well-drained, deep soils that have a firm subsoil and 
partly of moderately well-drained, deep soils that have a 
dense claypan. These soils are on residual uplands. 
Regent silty clay loam makes up about 45 percent of 
the complex, Daglum. silty clay loam 25 percent, and 
Rhoades soils 20 percont. Contiguous areas of Regent 
silty clay loum are generally more than 5 acres in size. 

The Daglum soil has a profile similar to that described 
as representative for the series, except that it has a surface 
layer of silty clay loam in most places. Runoff is medium. 
Included in mapping were small areas of Grail, Belfield, 
Savage, Morton, Sen, and Lawther soils. 

Soils of this complex are resistant to soil blowing. The 
main concerns of management are improving claypan 
permenbility and controlling water erosion. The soils are 
used mainly for small grains and grass. They are well 
suited to grass, fairly well suited to small grains and 
legumes, and poorly suited to com. (Capability unit 
(WTe-7P; Regent part in Clayey range site, and Daglum 
part in Claypan range site; Regent part in windbreak 
group 4, and Daglum part in windbreak group 9) 

Regent-Daglum silty clay loams, sloping (6 to 9 percent 
slopes) (RIC).—This complex consists partly of well- 
drained, deep soils that have a firm subsoil and partly of 
moderately well drained, deep soils that have a dense 
claypan. These soils are on uplands. Regent silty clay 
loam makes up about 40 percent of the complex, Daglum 
silty clay loam 20 percent, and Rhoades soils 20 percent. 
Contiguous areas of Regent silty clay loam are gencrally 
more than $ acres in size, 

The Regent soil has a profile similar to that, deseribed 
as representative for the series, except that the subsoil 
is ubout 4 inches thinner. The Daghim soil has a profile 
similar to that described as representative for the series, 
except that it has a surface Inyer of silty clay loam in 
most places Runoff is moderately rapid. 

Included with these soils in mapping were small areas 
of Grail, Belfield, Morton, and Sen soils, Also included 
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was a soil that is like Regent soils except that shule is at 
a depth of 25 to 30 inches. 

Soils of this comple are resistant to soil blowing. They 
are very susceptible to water erosion. The soils are used 
mainly for grass and small grains. They are well suited to 
grass, marginally suited to small grains and leeumes, and 
poorly suited to corn. Excessive losses of soil occur in 
fields where row crops are grown. (Capability unit IVe~7P; 
Regent part in Clayey range site, and Daglum part in 
Claypan range site; Regent part m windbrenk group 3, 
and Daglum part in windbroak group 9) 


Rhoades Series 


The Rhoades series consists of doep, nearly level to 
sloping, moderately well drained soils that have a dense 
claypan subsoil. These soils are in seathered tracts on 
uplands, swales, and terraces. They have a claypan that 
is within 2 to 5 inches of the surface and salts within 10 
to 20 inches of the surface. 

In a representative profile the surface layer is dark 
grayish-brown, friable lanl wbout 8 inches. thick. ‘The 
claypan subsoil, which extends to a depth of 15 inches, 
is firm and dark grayish brown. It is silty clay in the 
upper and middle parts and silty clay loam in the lower 
part. The underlying material is strongly alkaline and 
extends to a depth of 60 inches. It is light brownish-gray 
clay loam in the upper 7 inches, light olive-gray clay loam 
in the middle 12 inches, und pale-olive, stratified silty 
clay loam and. clay loam in the lower part. 

Rhoades soils have low fertility and available water 
capacity and moderate organic-matter content. Permoa- 
bility is very slow. The dense claypan scverely restricts 
the growth of roots and the penetration of water. These 
soils are usec mainly for pasture and are better suited to 
pasture than to most other uses. 

Representative profile of Rhodes loam, in an area of 
Rhoades-Daglum complex, gently sloping, in native 
grass, 1,080 feet cast and 300 feet north of the southwest 
corner of the SEX sec. 16, T. 142 N., R. 84 W. 

A2—O to 3 inches, dark grayish-brown (LOYR 4/2) loam, 
very dark brown COYR, 2/2) moist; weak, thin, platy 
structure in upper part, but moderate, medium, 
subangular blocky and moderate, thick, platy strue- 
ture in lower part; soft, friable; plates are coated 
with light-gray (OYR 6/1) sand grains; many roots; 
muny very fine pores; neutral; abrupt, wavy boundary. 

B21t—3 to 5 inches, dark grayish-brown (LOYR 4/2) silty 
elay, very dark brown (LOYR 2/2) moist; strong, 
coarse, columnar structure; caps and sides of columus 
are coated with light gray (OYR 7/1); extremely 
hard, firm; thin continnons clay films on faces of 
peds; many distorted roots; mildly alkaline; many 
very fine pores; gradual boundary. 

B22t—5 to 10 inches, dark grayish-brown (10YR. 4/2) silty 
elay, very dark grayish brown (LOYR 3/2) moist; 
wenk, coarse, prismatic structure separating to weak, 
coarse and moderate, fine angular blocky structure; 

patehy, very dark brown (JOYR, 2/2) coatings on 

faces of blocks; extremely hard; firm; thin, continuous, 

clay films on faces of peds; many distorted roots; 
few fine pores; moderately alkaline; clear boundary. 

B3sa—L0 to 15 inches, dark grayish-brown (2.5 ¥ 4/2) silty clay 
foam, very dark grayish-brown (2.5Y 3/2) moisti; 
weak, coarse, prismatic structure separating to 
moderate, fine and medium, subangular blocky 
structure; extremely hard, firm; few roots; few pores; 
patchy clay films on fuces of peds; a few salt crystals; 
slightly effervescent; strongly alkaline; gradual 
boundary. 
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Cleasa—15 to 22 inches, light brownish-gray (2.5Y 6/2) clay 
loam, dark grayish brown (2.6Y 4/2) moist; weal, 
goarse, subangular blocky structure separating to 
moderate, fine and medium, blocky structure; very 
hard, firm; few fine pores; common salt nests; strongly 
effervescent; common nodules of lime; strongly 
alkaline; gradual houndary, 

C2cxsa—22 to 34 inches, light olive-gray (SY 6/2) clay low, 
olive gray (SY 5/2) moist; weak, coarse, subangular 
blocky structure separating to moderate, fine und 
medium, subangular blocky structure; very herd, 
firm; common fine pores; common salt nests; strongly 
effervescent; common nodules of lime; strongly 
alkaling; gradual boundary, 

C3sa—34 to 60 inches, pale-olive GY 6/3) silty clay loam and 
clay loam, olive (BY 4/3 and 5/3) moist; massive; 

‘ong, medium, platy structure; shale in lower part; 

ry hard, firm; commen fine pores in upper part; a 
few salt nests; slightly effervescent; strongly alkaline. 

In some places there is a thin Al horizon that has a texture 
of fine sandy loam or sill loam. The A2 harizon has 1 color 
vane of 2 or 8 when moist and 4 or 5 when dry. The B2t 
horizon contains as much as 40 pereent clay and is firm or 
very firm. Structure is strong coarss or medium columnar but 
separates to fine colummar in places. The columns and caps 
are caated with strcaks from the A2 horizon, xnd there are 
dark stains on peds. The C horizon is stratified silty clay to 
loam and has a color hue of 2.5Y or 5Y, and in some places 
it has brownish and grayish mottles. Depth to soft shale is 
typically more than 30 inches but ranges from 20 to more than 
fi0 inches. In cultivated areas, the Ap horizon is hard and 
massive. 

Rhodes soils are similar to and are associated with Daglum 
and Belfield soils. Rhodes sails have a thinner A horizon than 
Daglum and Belfield and a firmer B2t horizon than 
Belfield soils. 


Rhoades-Daglum complex, gently sloping (0 to 9 per- 
cent slopes) (RoB).—This complex consists of deop, 
ruoderately well drained soils that have a dense claypan 
ata depth of jess than 20 inches. Slopes are complex, vary 
greatly in length, and have an average gradient of 4 
percent. Rhoades soil makes up about 55 percent of the 
complex, and Daglum soil 85 percent. 

The landsexpe has a microreliel of scattered scabspots 
or pauspots. Rhoades soils occupy these spots, and 
Daglum and Belfield soils are in the surrounding, slightly 
higher areas. Panspots in native grass have sparser vege- 
tation than surrounding areas. 

The Rhoades soil has the profile described as represent- 
ative of the series. In places the snrface layer is silt loam 
or fine sandy loam instead of loam. ‘The Daglum soil has a 
profile similar to that described as representative of its 
series, except that in some places the surface layer is silty 
clay loam instead of silt loam. Runoff is slow to moderately 
vapid. Included in mapping in places were many small 
areas of Belfield soils. 

Soils of this complex are too intricately mixed to be 
managed soparately and have to be managed as if they 
were all Rhoades soils. The main limitation is the dense 
claypan. ‘The soils in this complex are better suited to 
permanent pasture than to most other farm uses and are 
used mainly for this purpose. (Capability unit Vis-TCp; 
Rhoades part in, Thin Claypan range site, and Daglhim 
part in Claypanu range site, windbreak group 9) 


Ringling Series 


The Ringling series consists of shallow, very steep, 
reddish-brown, excessively drained, loamy soils that 
formed im scoria beds on. uplands. These soils are mainly 
in small localized arcas in the central and southern. parts 
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of the county. The distinctive reddish-brown colors are 
inherited from the scoria. 

Tn 0 representative profile the surface layer is reddish- 
brown gravelly leam about 9 inches thick, The next layer 
is friable, light reddish-brown very gravelly loam about 
10 inches thiek. At a depth of 19 mches is hard, reddish- 
yellow seoria beds. 

Ringling soils are low in available water capacity and 
fertility and moderate in organic-amatter content. Per- 
meability is rapid. 

‘These soils are used mainly for pasture. They are suited 
to permanent grass. The underlying beds of scoria have 
some value as a source of muterial for road surfacing. 
However, the scoria is pulverized by heavy traffic and 
eroded off the roadbeds. 

Representative profile of Ringling gravelly loam, very 
steep, in native grass, 270 fect east and 200 feet south of 
the northwest corner of the NEY sec. 24, T 142 N., 
R. 4 W, 

Al—6 to 9 inches, reddish-brown (AYR 4/3) gravelly loam, 
ddish brown (/YR. 3/3) moist; common scoria 
y weak, medium, prismatic structure sep- 
g onsily bo woak, coarse, subangular blocky and 

moderate, medium, crumb structure; friable; abun- 
dant roots; common flue pores; slightly effervescent; 
mildly alkaline; clear, wavy boundary. 

Coa—9 to 19 inches, light reddish-brown (8YR 6/4) very 
gravelly loam, reddish brown (5YR 5/4) moist; 
soorin fragments avc pink (5YR. 7/4) dry; meterial 
between the fragments has weak, fino, crumb struc- 
ture or ig single groined; strong, thiek, phity struc- 
tured seoria; friable loam and hard and slightly hard 
scoria. fragments; many fe roats in voids and be- 
tween fragments; strongly effervescent; mildly slka- 
line; wavy boundary. 

R—19 to 60 inches, reddish-yellow GYR 7/6), slightly weath- 
cred scoria, yellowish red (6 YR 5/6) moist; some loam; 
hard and very hard; diffielt to fracture; a few fine 
roots in upper part; slightly effervescent; mildly 
alkaline, 

‘The Al horizon is commonly galeareous within 6 inches of the 
surface. It has s color value of 4 or 5 when dry and chroma of 
2 or 3. Dopth to scoria beds ranges from 5 to 20 inches, Color 
hues of the entire profile range from 2.5YR to 7.5YR, The 
amount of scoria or porcelanite fragments that are the size of 
sand grains or larger varies from place to place. 

Ringling soils are associated with Cabba soils and are similar 
to Wabek soils. They are coarser textured than Cabba soils. 
They differ from Wahbek soils in having seoria instead of 
gravel and sand in the C horizon, 

Ringling gravelly loam, very steep (9 to 40 percent 
slopes) (RvE).—This soil is on side slopes along drainage- 
ways and on isolated knebs and ridges. It is in 2- to 80- 
acre tracts. Slopes are mainly 15 to 40 percent. Reddish 
scoria outcrops as much as 50 feet across are common iden- 
tifying inclusions. Slag stones are on the surface in most 
places. 

Included with this soil in napping were some areas of 
Cabba. soils and scoria outcrops. Also included were sreas 
of soils that have a lighter colored surface layer and arens 
of other soils in which scoria beds are at a depth of 20 to 
40 inches. Runoff is very rapid to rapid. 

Almost all the precipitation is lost by runoff or percola- 
tion through the soil. This soil has a thin cover of plants. 
It is suited to and is used for native range, (Capability 
unit VIle-Sw; Shallow range site; windbreak group 10) 
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Riverwash 


Riverwash (0 to 4 percent slopes) (Rw) consists of 
sandbars within, the Missouri River channel. Tt occurs 
either as islands or as peninsulas connected with the 
bottom lands, Texture varies widely but is mainly mocer- 
ately course or coarse. This land type is exposed at low 
water and is subject to shifting during periods of high 
water. There is no soil development. 

Drainage ts variable but this land type is mainly poorly 
drained. A high water table is usually above a depth of 5 
feet oven when the river is low. This land type has little 
or no vegetation and no agricultural value. Tt has some 
value for wildlife habitat and recreation, Tt is so unstable 
that littl management is possible. (Capability class 
Vite; not in a range site or windbreak group) 


Savage Series 


The Savage series consists of deep, nearly level, well- 
drained soils that have a subsoil of silty clay loam and 
silty clay. These soils are on high terraces. 

Jn a representative profile the surface Jayer is very dark 
erayish-brown, friable silty clay loam about 6 inches thick. 
The subsoil is about 12 inches thick. The upper 4 inches is 
dark grayish-brown, friable silty clay loam; the next 4 
inches is light olive-brown, firm silty clay; and the lower 4 
inches is light yellowish-brown, friable silty clay loam. The 
underlying material is pale-olive, stratified silty clay loam. 
and silty clay. 

Savage soils are high in available water capacity and 
fertility and moderate in organic-matter content. Permea- 
bility is moderately slow. These soils are used mainly for 
small grains. They are well suited to most crops commonly 
grown in the county, but only fairly well suited to corn. 

Representative profile of Savage silty clay loam, nearly 
level, in a cullivated field, 1,290 feet north and 155 feet 
east of the southwest corner of sec. 22, T. 143 N., R, 84 W. 


AI—O to 6 inches, very dark grayish-hrown (IOYR. 3/2) silty 
clsy loam, very dark brown (LOYR 2/2) mai ik, 
coarse, subangular blocky structure separati i 
moderate, medium, granular structure; hard, friable, 
sticky and plastic; neutral; abrupt, wavy boundary, 

B21t—6 to 10 inches, dark grayish-hrown (2.5 ¥ 4/2) silty clay 
loam, very dark grayish brown (2.5Y 8/2) moist; 
weik, coarse, prismatic structure separating to mod- 
eraje, coarse, angular blocky structure; very hard, 
friable, sticky and plastie; thin clay skins on faees of 
peds, very dark brown (LOYR 2/2) moist; common 
roots; mildly alkaline; wavy boundary. 

B22—10 to 14 inches, light olive-brown (2.5Y 5/3) silty clay, 
dark grayish brown (2.5¥Y 4/2) moist; weak, coarse, 
prismatic structure separating to atrong, coarse, angu- 
lar blocky structure; very hard, firm, sticky and very 
glastic; moderately thick elay skins on faces of peds; 
very dark grayish brown (2.5¥ 3/2) moist; common 
roots; slightly effervescent; mildly alkaline; gradual 
wavy boundary, 

Baca—14 to 18 inches, light yellowish-brown (2.5Y 6/3) silty 
elay loam, dark grayish brown (2.5Y 4/2) moist; very 
weak, coarse, prismatic structure separating to mod- 
erate, coarse, sitbangular blocky structure; very hard, 
friable, sticky und plastic; on ped faces a few coatings 
of very dark grayish brown (2.5Y 3/2) moist; common 
roots; slightly effervescent; moderately alkaline; clear, 
wavy boundary, 

Clea—L8 to 42 inches, pale-olive (5¥ 6/8) stratified silty clay 
Joam and silty clay, olive (5Y 5/3) moist; weak, 
eoarse, subangular blocky structure; very hard, fri+ 
able, sticky and plastic, a few roots in upper part; 
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strongly effervescent; many threads and nodules of 
lime; moderately alkaline; wavy boundary. 

C2ca—42 to GO inches, pale-olive (6 ¥ 6/4) stratified silty clay 
loam and silty clay, olive (5Y 5/4) moist, very hard; 
friable, sticky and plastic; cormmon threads and nod- 
ules of lime; strongly effervescent, mederately alkaline. 

The Al horizon is silt loam or silty clay loam. The B2t 
horizon ranges from weak to mor te, prismatic and moderate 
to strong, angular blocky in structure. [¢ has thin to moderately 
thick clay films. The nonealeareous salum in most places is 10 
to 18 inshes thick bul ranges from 6 to 20 inches in thickness, 
In places there are thin sandy and gravelly s a below a 
depth of 40 inches. Thore sre moderate amounts of salts below 
the solum in some places. 

Savage soils are similar to Farland and Lawther soils, Savage 
soils have more clay below the Al horizon than Farland soils. 
They have less clay and are not so dark colored to 30 great a 
depth as Lawther soils. 

Savage silty clay loam, nearly level (0 to 3 percent 
slopes) (Sa A).—This soil occupies long, smooth. terraces. 
Ineluded in mapping were some areas that have 2 surface 
layer of silt loam, Some small areas of Grail silt loam, 
Grail silty clay loam, and Farland silt loam were also 
included. Runoff is slow, 

This soil is more resistant to soil blowing than, most 
soils in the county, The main concerns of management are 
maintaming organic-matter content, fertility, and good 
soil tilth, This soil is used mainly for small grains. It is 
well suited. fo most crops commonly grown in the county, 
but it is only fairly well suited to corn. (Capability unit 
Ilc-7; Clayey range site; windbreak group 3). 


Sen Series 


The Sen series consists of moderately deep, nearly level 
to hilly, well-drained, loamy soils on residual uplands. 
Depth to soft rock or bedded shale is 24 to 40 inches. 

In & representative profile the surface layer is dark 
grayish-brown loam about 6 inches thick, The subsoil is 
friable loam about 21 inches thick. It is dark grayish brown 
in the upper part and grayish brown in the lower part. 
Below the subsoil is light gray loam to a depth of about 34 
inches. The underlying material is pale-yellow and prle- 
olive, stratified, soft sedimentary beds that hawe loam to 
silty clay loam texture. 

Son soils have moderate organic matter content and 
high available water capacity and fertility. Permenbility 
is moderate, Soft bedrock moderately restricts the root 
zone of deep rooted crops, 

Most of these soils are tilled and are used mainly for 
small grains. Except in hilly or stony areas, these soils are 
suited to most crops commonly grown in the county. 

Representative profile of Sen loam in an area of Sen 
and Amor lous, sloping, in native grass, 320 feet cast 
and 1,140 feet sonth of the northwest corner of sec. 7, 
T. 141 N., R. 82 W. 

Al—0 to 6 inches, dark grayish-brown (1OYR 4/2) loam, very 
dark brown (10YR 2/2) moist; weak, coarse and 
medium, subangular blocky structure 
weak, fine, erumb structure; friable; 1 
gradual bounty, 

B2—6 to 15 inches, dark grayish-brown (10YI 4/2) loam, 
very dark grayish brown (10YR 3/2) moist; weak, 
coarse, prismatic structure separating to weak, coarse, 
subangular blocky structure; very dark brown (OYR. 
2/2), patchy stains on vertical faces of peds; friable; 
mildly alkaline; clear boundary. 

B8Ca—I15 to 27 inches, grayish-brown (2.5Y 5/2) loam, dark 
grayish brown (2.5¥ 4/2) moist; weak, coarse, pris- 
matie structure separating to weak, subangular bloeky 
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structure; friable; strongly offervescent; moderately 
alkaline; clear boundary. 

C1Ca—27 to 34 inchos, light-gray (2.5¥ 7/2) loam, grayish 
brown (2.5Y 5/2) moist; weak, coarse, subangular 
blocky structure separating to weak, medium, platy 
structure; friable; very strongly effervescent; large 
spots and numerous threads of lime and disseminated 
lime; moderately alkaline; clear boundary. 

O2—34 to 60 inches pale-yellow and pale-olive (SY 7/3 and 
6/3), olive (OY 5/3 and 4/3) moist; soft, platy, sedi- 
mentary beds that have a texture of loam to silly 
clay loam; strongly effervescent; moderately alkaline. 


The A horizon is loam or silt loam, The Al horizon has a 
chroma of 2 or 3 and value of 2 or 8 when moist and 4 or 5 
when dry. The B horizon and the horizons helow il have tex- 
tures that range from loam to light silty clay loam and contain 
26 to 30 p nt clay. The B horizon has a hue of 10¥R or 
2.5¥, value of 3 or 4 when moist, and chroma of 2 or 3, It has 
weak to moderate, coarse to medium, prismatie structure 
separating to subangular_ blocky. ‘The C horizon has a color 
hue of 2.5¥ or SY. The Cea horizon contains more than 20 to 
40 percent calcium carbonate equivalent. lis platiness is in- 
herited from the parent rock, Depth to lime is typically 12 to 
16 inches but ranges from 10 to 20 inches. 


Sen soils are associated with Werner and Morton soi 
have a thicker solum than Werner soils and less ela 
B2 horizon than Morton soils. 

Sen-Werner Joams, sloping (3 to 9 percent slopes) 
(SeC).—This complex consists partly of moderately deep, 
well drained soils and partly of shallow, somewhat cx- 
cessively draimed soils. These soils are in sloping areas 
near the steep Cabba and Werner soils and the gently 
sloping Sen and Morton soils. Werner loam is on crests 
and tops of ridges and Sen loam on the side slopes. Son 
loam makes up about 50 percent of the complex, and 
Werner loam 40 percent. 

The Sen soil has profile similar to that described as 
representative for the series, except that the combined 
thickness of the surface Jayer and subsoil is about 5 
inches less. Runoff is modorately rapid to rapid. Included 
in mapping were small areas of Zahl, Cabba and Arnegard 
foams. 

The main concerns of management are controlling 
soil blowing and water erosion and maintaining organic- 
matter content, fertility, and good soil tilth. Intensive 
management is needed to prevent excessive losses of 
soil and water if the soil is tilled, The soils of this complex 
are used mainly for grass and smal] grains. They are well 
suited to grass, fairly well suited to small ins, and 
poorly suited to corn and legumes. (Capability unit 
[Ve-4L; Sen part in Silty range site, and Werner part in 
Shallow range site; Sen part In windbreak group 3, and 
Werner part in windbreak group 10) 

Sen and Amor loams, nearly level (0 to 3 percent slopes) 
(Sm A).—This undifferentiated unit consists of Sen loam 
and Amor loam. The Amor soil has a profile similar to 
that deseribed as representative for the series, except 
that tho combed thickness of the surface layer and 
subsoil is 4 inches greater. Most areas mapped are Sen 
loam. Runoff is slow, 

Included in mapping were small areas of Arnegard, 
Williams, Morton, and Vebar soils and areas where soft 
bedrock is at a depth of 40 to 50 inches. 

The main concerns of management are controlling soil 
blowing and maintaining organic-matter content, fer- 
tility, and good soil tilth. These Sen and Amor soils are 
similar in usefulncss and behavior. They are used mainly 
for small grains, corn, and alfalfa. They are well suited 
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to all erops commonly grown in the county. (Capability 
unit [Te-6; Silty range site; windbreak group 3) 

Sen and Amor loams, gently sloping (3 to 6 percent 
slopes) (SmB).—This undifferentiated unit consists of Sen 
loara and Amor loam. Most mapped areas are Sen loam. 
The Amor soil has the profile described as representative 
for its series. Runoff is medium. 

Included with these soils in mapping were small areas 
of Arnegard, Morton, Williams, and Vebar soils, and 
small areas where soft bedrock is at a depth of 40 to 50 
inches. 

These Sen and Amor soils are similar in usefulness and 
behavior. They are moderately susceptible to water 
erosion. They are used mainly for small grains, corn, and 
alfalfa. They are well suited to most commonly grown 
crops, but they are only fairly well suited to corm. (Capa- 
pility unit ITc~6; Silty range site; windbreak group 3) 

Sen and Amor loams, sloping (6 to 9 percent slopes) 
(SmC).—This undifferentiated umit consists of Sen loam 
and Amor loam. Most a mapped are Sen loam. The 
Sen soil has the profile described as representative of the 
series. Itunoff is moderately rapid. 

Included with these soils in mapping were small areas of 
Amegard, Werner, and Cabba soils. Also inchided were 
small areas of Morton, Williams, and Vebar soils and afew 
areas where soft bedrock is at a depth of 40 to 50 inches. 

These Sen and Amor soils are very similar in usefulness 
and behavior and are very susceptible to water erosion. 
These soils are used mainly for small grains and grass. 
‘They are poorly suited to corn, They are well suited to 
grass and legumes and fairly well suited to small grains. 
(Capability “unit ITe-6; Silty range site; windbreak 
group 3) 

Sen and Amor loams, hilly (9 to 12 percent slopes) 
(SmD).—This undifferentiated unit consists of Sen loam 
and Amor loam. Most areas mapped are Sen loam. 

The Sen soil has « profile similar to that described as 
representative for the series, except that the combined 
thickness of the surface layer and subsoil is about 5 inches 
less. Runoff is rapid, 

Included with this soil in mapping were small areas of 
Arnegard, Werner, and Cabba soils. Some small areas of 
Morton, Williams, and Vebar soils were also included. 

These Sen and Amor soils are very similar in usefulness 
and. behavior. They are extremely susceptible to water 
erosion, and excessive losses of soil occur if corn is grown, 
The soils are used mainly for grass and small grains. 
They are well suited to grass, fairly well suited to small 
grains and legumes, and poorly suited to corn. (Capability 
unit [Ve-6; Silty range site; windbreak group 3) 


Stady Series 


‘he Stady series consists of nearly level to sloping, 
well-drained, loamy soils that are moderately deep to 
gravel. These soils are on terraces and glacial outwash 
plains. Depth to sand and gravel is 20 to 40 inches. 

In a representative profile the surface leyer is very dark 
erayish-brown loam about 7 inches thick, The subsoil. is 
friable loam about 16 inches thick. It is dark grayish 
brown in the upper part and brown in the lower part. ‘The 
underlying material is light yellowish-brown gravelly loam 
to a depth of 80 inches. Below this it is light yellowish- 
brown to grayish-brown sand and gravel. 
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Stady soils have moderate available water capacity, 
fertili and orgunic-matter content. Permeability is 
moderate through the subsoil but very rapid in the sand 
and. gravel belaw. 

The sand and gravel are suitable and are used extensively 
for road base and. surfacing, buf these materials are poor 
to fair for concrete aggregate. Crops arc damaged during 
the growing season when periods of drought exceed 
3 or 4 weeks. These soils are used mainly for small grains, 
corn, and grass. Most of these soils are suited to fairly 
well suited to all crops commonly grown in the county. 

Representative profile of Stady loam, nearly level, ina 
cultivated ficld, 320 feet north and 790 feet west of the 
southeast corner of the NE see. 7, T. 141 N., R. 82 W. 


Apl—O to 7 inehes, very dark grayish-brown (1OY'R 3/2} 
lonm, vory dark brown (LO¥R 2/2) moist; weak, 
coarse, subangular blocky structure separating to 
weak, fine, subangular blocky and weak, fine, eruimb 
struebure; friable; common roots; many fine pores; 
neutral; abrupt, smoath boundary. 

B21—7 to 14 inehes, dark gravish-brown (O¥YR 4/2) loam, 
very dark grayish brown (10YR, 3/2) moist; weak, 
copa. prismatic structure si rating to weak, coarse, 
subangular blocky structure; friable; common roots; 
many fine pores; neutral; clear boundary. 

B22—14 to 23 inches, brown (LOYR 4/3) loam, dark brown 
CLOYR. 8/3) moist; moderate, coarse, prismatic struc- 
ture separating to moderate, coarse, subangular 
blocky structure; friable; common roots; many fine 
pores; thin, patchy clay films on faces of peds and sand 
2) nildly alkaline; gradual boundary. 

WClea—23 tw 30 inches, light yellowish-brown (2.5 Y 6/4) 

gravelly loam; very weak, subangular blocky structure 
separating to weak, fine, granular structure and single 
grained; very friable; a few reots in upper purt: 
strongly effervescent; moderately alkaline; clear 
boundary. 

IIC2—30 +o 60 inches, multicolored, light yellowish-brown 
(2.5¥ 6/4) to grayish-hrown _(2.5Y 6/2) sand and 
gravel, light olive brown (2,5 Y 5/4) to dark grayish 
prown (2,5 Y 4/2) moist; single grained; loose; slightly 
effervescent; coatings of time on undersides of pebbles; 
moderately alkaline, 


The Al horizon has a color value of 3 or 4 when dry anda 
texture of loam or silt loam. The B2 horizon has 2 color value 
of 3 or 4when moist and 4 or 5 when dry. There are thin clay films 
on peds in many places. Structure is moderate to weak, medium 
to coarse, prismatic. The C horizon has a color hue of 10YR 


or 2.5¥. In the 1LC horizon there is a wide range in the size of 
stones and pebbles and jn the amount of sand. Much of the 
sand and gravel weathered from sedimentary rocks. Depth to 
carbonates ranges from 15 to 25 inches. A few pebbles and 
scattered stones are in the solum, 

Stady soils are similar to and are associated with Lehr and 
Manning soils. They have a solum that is thicker to sand and 
gravel than that of Lehr soils, and they have less sand in the 
solum than Manning soils. 

Stady loam, nearly level (0 to 3 percent slopes) (StA).— 
This soil is mainly on broad, smooth terraces. It has the 
profile described as representative for the series, Runoff 
is slow. 

Included with this soil in mapping were small areas of 
Lehr loam. Also included were some arcas of soils that 
have a surface layer and subsoil of silt loam, other arcas 
of soils that have a darker colored subsoil, and a few areas 
of soils in which gravel is at a depth of 40 to 50 inches. 

The main concern of management is the moderate 
available water capacity. This soil is used mainly for small 
grains, corn, and legumes Tt is sutted to all crops 
commonly grown, but the moderate available water ca- 
pacity is a limitation, (Capability unit I1[s-6; Silty range 
site; windbrenk group 6) 
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Stady-Lehr loams, gently sloping (3 to 6 percent slopes) 
(SuB).—This complex consists partly of well-drained soils 
that are moderately decp to sand and gravel and partly 
of somewhat excessively drained soils that are shallow to 
sand and gravel. These soils are on terraces and outwash 
plains. Lehr soils generally occupy the convex slopes. 
Stady loam makes up about 55 percent of the complex, 
and Lebr loam 35 percent. 

The Lehr soil has the profile described as representative 
for its series. Runoff is medium, 

Included with these soils in mapping were small areas 
af Arnegard and Williams loam and a few small areas o! 
Wahek loum. Also included were areas of soils that have a 
solum of silt loam and a few areas of soils that have gravel 
at «& depth of 40 to 50 inches 

The main concern of management is the moderate to 
low avnilable water capacity. These soils are moderately 
susceptible to water erosion, They are used mainly for 
grass, small grain, aud corn. These soils are well suited to 
grass and fairly well suited to all commonly grown tillec 
crops. (Capability unit. IIle-S6; Stady part in Silty range 
site, and Lehr part in Shallow to Gravel range site; wind- 
break group 6) 
Stady-Lebr loams, sloping (6 to 9 percent slopes) 
(SuC).—This complex consists partly of well-drained soils 
that are moderately deep bo sand and gravel and partly o: 
excessively drained soils that are shallow to sand and 
gravel, These soils are on bench edges. Slopes are mainly 
Jess than 100 feet long. The Lehr soil oecupies the convex 
slopes. Stacy loam makes up about 50 percent of the com- 
plex, and Lehr loam 40 percent. 

The profiles of Stady and Lehr soils are like those 
described us representative for their respective series, 
except that the combined thickness of the surface layer and 
subsoil is about 2 to 4 inches less. Runoff is medium to 
moderately rapid. 

Included with these soils in mapping were small areas 
of Arnegard, Williams, and Wabek loams. Also included 
in places were soils that have a silt loam solu. 

Soils of Chis complex are susceptible to water erosion 
and have moderate to low available water capacity. Loss 
of water through runoff duving short, heavy rains can 
cause serious erosion, The soils are used mainly for grass 
and small grains, They are suited to grass, fairly well 
suited to small grains and corn, and poarly suited to 
legumes. (Capability unit TVe-5; Stady part in Silty range 
site, and Lehr part in Shallow to Gravel range site; 
windbreak group 6) 


Straw Series 


The Straw scries consists of deep, nearly level to gently 
sloping, well-drained, loamy soils on bottom lands and. 
terraces along streams. Some areas of these soils are 
flooded during periods of high runoff, 

In a representative profile the surface Jnyer is dark 
grayish-brown loam about 16 inches thick. The subsoil 
is friable, dark grayish-brown lonm about 20 inches thick, 
The underlying material is light brownish-gray and gray- 
ish-hrown loam stratified with thinner layers of fine sandy 
loara and Joamy fine sand. 

Straw soils have high available water capacity, organic~ 
mutter content, and fertility, Permeability is moderate. 
The flood hazard on these soils is moderate. 
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Mest flooding is early in spring before crops are planted, 
but it damages mainly roads and bridges, Summer flood- 
ing is rare, but it is damaging to crops. Areas of these 
soils in narrow valleys are used for and are suited to pasture 
and hay, but those in broad valleys are well suited to 
and used mainly for crops. 

Representative profile of Straw loam, nearly level, in 
a cultivated field, 600 feet west and 300 feet south of the 
center of sec. 8, I’. 14. N., R. 82 W. 


Api—d to 7 inches, dark grayish-brown (lOYR 4/2) Ioam, 
very dark brown (“OYR 2/2) moist; weak, conrse, 
subangular blocky structure separating to weak, 
fine, crumb structure; slightly hard, friable; common 
roots; commen fine pores; slightly olfervescent; 
mildly alkeline; abrupt, smooth boundary. 

A12—7 to 16 inches, dark grayish-brown (LOYR 4/2) loam, 
very dark brawn (1OYR 2/2) moist; wexk, coarse, 
prismatic structure separating into wenk, coarse, 
subangular blocky structure; slightly hard, friable; 
common roots, common fine pores; slightly effer- 
vescent; mildly nlkaline; clear, wavy boundary. 

B2—16 to 86 inches, dark grayish-brown GOYR 4/2) loam, 
very dark grayish brown (LOYR 3/2) moist; weak, 
coarse, prismatic structure separating to weak, course 
and medium, subangular blocky structure; slightly 
hard, friable; thin pateny clay films on vertical faces 
of peds; common roots; a few fine pores; strongly 
effervescent; a few threads of lime; moderately 
alkaline; abrupt, irregular boundary. 

IIC1—286 to 39 inches, light brownish-gray (2.5Y 6/2) fine 

vm, dark grayish brawn (2.5 Y 4/2) moist; 

se, subangulnr blocky structure; slightly 

is able; common fine pores; strongly effer- 
vescent; moderately alkaline; abrupt, wavy boundad 

TIIC2—39 to 50 inches, light brownish-gray and gray 
brown (2.5¥ 6/2 and 5/2) loam, dark grayish brown 
and very dark grayish brown (2.5Y “4/2 snd 3/2) 
moist; weak, ennrse, subangular blocky structure; 
hard, friable; a few fine pores; strongly effervescent; 
moderately alkaline; abrupt, wavy boundary. 

IVC8—50 to GO inches, light brownish-gray oud prayish- 
brown (2.5Y 6/2 and 5/2) stratified loamy fine sand 
and fine sandy loam, dark grayish brown and vary 
dark grayish brown (2.8Y 4/2 and 3/2) moist; loose, 
very friable; strongly effervescent; moderately 
alkaline, 

The Al horizon has texturcs of loam and fine sandy foam 
and ranges from 10 to 20 inches in thickness. Ti has a color 
value of 3 or 4 when dry. The B2 horizon has weak to moderate, 
prismatic structure. There sre thin, patchy Lo continuous 
clay films on prims in some places. This horizon has a hue of 
10YTR. or 2.5Y and value of 2 or 8 when moist and 3 to 4 when 
dry. Depth to lime ranges from 0 ta 20 inches. Some lime is 
segregated in films and threads, but the lime is mostly finely 
divided. In many places there are thin, buried, darkened 
horizons and thin strata of contrasting textures below a depth 
of 20 inches. 

Straw soils are similar to Havrelon and Arncgard soils. They 
are darker eolored that Havrelon soils. They have lime higher 
in the profile than Arnegard roils. 


Straw loan, nearly level (0 to 3 percent slopes) (Sw A).— 
This soil oceupies long, smooth slopes on terraces and 
bottom lands. It occupies long, narrew tracts of 5 to more 
than 300 acres. Drainage is poorly defined but generally 
runs parallel to the adjacené stream. 

This soil has the profile described as representative for 
the serics. Rumoff is slow. 

Tneluded with this soil in mapping were small areas of 
Velva and Arnegard soils. Velva soils are near the stream 
channels, unc. Fenegaud soils are on the outer edges of 
bottom Jands and terraces. Small areas that have greater 
slope range than this Straw soil were also included. 
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Some areas of this soil receive extra soil moisture through 
periodic flooding or have a water table high enongh that 
moisture is within reach of deep-reeted crops. The soil is 
used mainly for small grains, corn, and alfalfa. It is 
suited to all crops commonly grown in the county. 
(Capability unit TTe-6 ; Silty range site; windhreak group 1) 

Straw loam, channeled (0 to 6 percent slopes) (Sx),— 
This soil occupies bottom Innds and low terraces cut up by 
meandering, channeled streams. ‘he areas between cut: 
and meanders are lees than 10 acres in sie and are ir- 
regularly shaped. In most places this soil is in narrow 
valleys that are bounced by very steep areas, but in some 
po es ibis along extremely meandering streams that cross 
broad terraces. Where this soil is in stream valleys that 
are less than 100 feet wide, it is included with surrounding 
soils. Slopes are 2 percent or Jes3 in most arens of this soil. 
Moderate to severe gully crosion has occurred in a few 
places. These gullied arens are mainly within the steep 
areas along the Missouri River. 

Included with this soil in mapping were small areas of 
Velva, Arnegard, Parshall, Harrict, Stady, Lehr, Man- 
ning, Belficld, Daglum, Rhoades, Cabba, and Zahl soils 

In some places this soil is flooded for short periods. 
Runoft is slow. 

This soil is used mainly for pasture. It is too cut up by 
stream channels to be suited to crops, but is well suited 
to pasture and hay. (Capability unit VIe-Si; Silty range 
site; windbreak group 1) 


Strongly Saline Land 


Strongly saline land (9 to 3 percent slopes) (Sy) consists 
of areas where the soil matenal is salty throughout and 
textnre ranges from fine sandy loam to silty clay. This 
land type occupies bottom lands, terraces, upland swales, 
and areas around seeps. Most areas are poorly drained 
to very poorly drained and have a high water table within 
5 fect of the surface most of the time. The salinity is a 
result, of the wpward movement of salt-bearing water, 
Patchy, white, salty, barren spots are noticeable where 
the surface is dry. Some arcas are flooded or ponded for 
short periods. Runoff is slow. 

Tneluded in mapping were many small areas of Harriet 
soils and a few small areas of Rhoades and Regan soils, 

The salts are toxie and withhold soil moisture from 
plants. This land type is droughty during dry summers. 
Grasses are mainly salt grasses. This land type is used 
mainty for pasture and ir. better suited to pasture than 
most other farm uses. Tt is not suited to erops and poorly 
suited to hay. (Capability unit Vis-SL; Saline Lowland 
range site; windbreak group 10) 


Tally Series 


The Tally series consists of deep, nearly level to sloping 
or rolling, well-drained soils on terraces and uplands. 
In a representative profile the surface layer is very dark 
rayish-brown fino sandy loam about 7 inches thick. 
The subsoil is very friable fine sandy lonm about 16 
inches thick. It is dark grayish brown in the upper part 
and grayish brown in the lower part. The underlying 
material is grayish-brown sandy loam to 2 depth of about 
30 inches. Below this is olive, calcareous, stratified sandy 
loam and loamy sand. 
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Tally soils have moderate available wator capacity, 
fertility, and organic-matter content. Permeability is 
moderately rapid. 

The mein concerns of manugement are conserving water, 
controlling erosion, end, maintaining fertility. These soils 
are used mainly for smull grains, corn, and grass. ‘They 
are suited to small grains aad well suiled to grss, legumes, 
and corn. 

Representative profile of Tally fine sandy loam in an 
area of Parshall-Tally fme sandy loams, sloping, in 
native grass, 50 feet west and 1,200 leet south of the 
northeast corner of sce, 25, 'T. 142 N., R. 84 W. 


Al—0 to 7 inches, very dark grayish-brown (LOYR 3/2) fine 
sandy loam, very dark brown (1OYR 2/2) moist; 

y medium, subangular blocky structure separating 

'y fo weak, fine, ervonb structure; soft, very friable; 

many roots; many pores; neutral; dese bounda 

B2—7 to 17 inches, dark grayish-brown (LOYR 4/2) fine sandy 
loam, very dark grayish brown (lOYR 3/2) moist; 
weak, coarse, prismatic structure; soft, very f 
many roots; many pores; mildly alkaline; gra 
boundary. 

B3—17 to 23 inches, grayish-brown (10YR 5/2) fine sandy loam, 
dark grayish brown (0¥YR 4/2} moist; compound 
structure of weak, coarse prisms and subangular blocks; 
soft, very friable; common roots; many pores; mildly 
alkaline; gradual boundary, 

C1—28 to $1 inches, grayish-brown (2.5Y 5/2) sandy loam, 
dork grayish brown (2.5Y 4/2) moist; weak, coarse, 
subangular blocky structure; soft, very friable; 
common roots; many pores; mildly alkaline; elear 
boundary. 

€2—81 to 60 inches, olive (6Y 5/8), stratified sandy loam and 
lonmy sand, olive (6Y 4/3) moist; weak, coarse, 
subangular blocks and single grained; soft to loose, 
very friahle; thin pebble line at depth of 31 inches; a 
few roots in upper part; slightly effervescent; mod- 
erately alkaline, 

‘The Al horizon is fine sandy lonm or loam and very dark 
grayish brown (10 YR, 3/2) or dark grayish brown (LOYR 4/2) 
when dry, The B horizon is grayish brown or brown (10YR 5/2 
or 6/3) to dark grayish brown or dark brown (10¥R, 4/2 or 
4/3) when dry. It has weak or moderate structure. Textures 
coarser than sandy loam are common below a depth of 40 
inches. Depth to lime ranges from 20 to more than 60 inches. 
There is a Cea horizon in some places. In some pluccs soft 
sandstone is ata depth of 40 to 60 inches. 

In Oliver County the Tally loams that are mapped in com- 
plexes with the Vebar loams have a B horizon of loam or light 
clay loam and many glacial pebbles, cobblestones, and stones 
in the profile, These differences are not within what is defined 
as the range for the series, but they do not alter the usefulness 
or hehavior of these soils. 

Tally soils are associated with Parshall and Telfer soils. 
Tally soils are net so dark colored io so great a depth os Parshall 
soils and are not so coarse textured as Telfer soils. 


Tally-Parshall fine sandy loams, gently sloping (0 to 6 
percent slopes) (TaB).—This complex consists of deep, 
well-drained soils on uplands and on smooth, broad, 
dissected, stream and galcial outwash terraces, Most of this 
soil complex is gently sloping, but some is nearly level. 
Tally fine sandy loam makes up about 60 percent of the 
complex, and Parshall fine sandy loam 30 percent. 

Included with these soils in mapping were a few areas 
where Parshall soils are dominant in the complex. Also 
included were small areas of Vebar soils on uplands and 
Telfer and Lihen soils on terraces, and a few areas of soils 
that have a surface layer of sandy loam. Runoff is slow to 
medium. 

Jontrolling both soil blowing and water erosion are 
concerns of management. The control of water erosion 
is a concern on long slopes. These soils are used mainly 
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for small grains, corn, and grass. They are suited to smull 
grains and well suited to all other commonly grown 
crops. The hazard of water crosion is greater in fields where 
row crops are grown than in other areas. (Capability 
unit II[e-3; Sandy range site; Tally part in windbreak 
group 5, and Parshall part in windbreak group 1) 

Tally-Vebar fine sandy loams, nearly level (0 to 3 
percent slopes} (TbA).—This complex consists of deep 
and moderately deep, well-drained soils on residual sand- 
stone. uplands. Tally soils make up about 60 percent of 
the complex, and Vebar soils 35 percent. 

The ‘Lally soil has a profile similar to that described as 
representative of the series, except that the substratum 
is fine sandy loam. Runoff is slow. Included in mapping 
were small orens of Parshall loam and Arnegard joan. 

The main concern of management is soil blowing. The 
soils are used mainly for small grains, corn, and. grass. 
They are suited to small grains and well suited to all 
other erops commonly grown in the county. (Capability 
unit IITe-3; Sandy range site; windbreak growp 5) 


Telfer Series 


The Teller series consists of deep, excessively drained, 
steep sandy soils on. dissected terrace edges. These soils 
are in small scattered tracts along major strearos. 

In a representative profile the surface layer is dark 
grayish-brown loamy fine sand about 9 inches thick. 
Below this is a transitional layer of very friable, caleareous, 
dark grayish-brown loamy fine sand about 9 inches thick, 
The underlying material is loose, calcareous, light olive- 
brown, Jnyered fine and medium sand. 

Telfer soils are low in available water capacity, but 
nearly all the soil moisture is readily available to plants. 
Permeability is rapid. Fertility ond organic-matter con- 
tent are moderate. These soils are erodible. 

These soils arc used mainly for pasture, They are suited 
to permanent pasture and hay, but they are not suited to 
oops because they are too erodible and droughty. 

epresentative profile of ‘Telfer loamy fine sand in an 
aren of Telfer-Lihen loamy fine sands, steep, in native 
grass, 530 feet west and 155 feet south of the northeast 
corner of the NW% see, 2, T. 148 N., R. 84 W. 


A1—0 to 9 inches, dark grayish-brown (LOYR 4/2) loamy fine 
sand, very dark brown (1OYR 2/2) moist; very weak, 
medium, subsengular blocky structure separating 
easily to single grained; very friable; many roots; 
neutral; clear, smooth boundary. 

AC—9 to 18 inches, dark grayish-brown (1OYR 4/2) fine sand, 
very dark grayish brown (LOYT 3/2) moist; very 
weak, coarse, subangular blocky structure separating 
easily to single grained; very friable; many roots; 
slightly effervescent; mildly alkaline; clear, wavy 
boundary. 

C—18 to 60 inches, light olive-brown (2.5Y 5/4) fine sand and 
a few thin strata of medium sand, dark grayish brown 
(2.5Y 4/2) moist; single grained; loose; cammon roots 
in the upper part; moderately effervescent; mod- 
erately alkaline. 


The Ai horizon ranges from loamy fine sand to fine sandy 
loam in texture and from LOYR 2/2 to LOY R 3/2 in color when 
moist. In most places the transitional AC horizon is lighter 
brown when moist than the A horizon and has a slightly redder 
hue than the C horizon. A few smali pebbles occur thronghout 
the profile. A thin, dark, discontinuous, buried Al horizon is 
present below a depth of 20 inches in places. Depth to lime 
ranges from 5 to 30 inches. 

Telfer soils are associated with and are similar to Lihen and 
Tally soils, Telfer soils have o thinner, darker colored Al 


OLIVER COUNTY, NORTH DAKOTA 51 


baztaom than Lihen soils and are coarser textured than Tally 
soils. 

Telfer-Lihen loamy fine sands, steep (9 fo 15 percent 
slopes) (TeD).—This complex consists of deep, sandy and 
moderately sandy soils underlain by fine sand and medium 
send. ‘Velfer loamy fine sand makes up about 40 percent of 
the complex, Lihen loamy fine sand 35 percent, and Telfer 
fine sandy loam 20 percent. The Lihen soils occupy lower 
side slopes and swales, and the ‘Telfer soils are on the hill- 
tops and upper side slopes. 

The Lihen soil has a profile similar to that described as 
representative for its series, except that, in some places, 
the surface layer is fine sandy loam. Runoff is slow. 

The main concern of management is controlling soil 
blowing. Soils of this complex are used mainly for pasture. 
"They are suited to permanent hay and pasture. (Capability 
unit VIe-Sa; Sands range site; Telfer part in. windbreak 
‘group 7, and Lihen part in windbreak group 5) 


‘Temvik Series 


The ‘Temvik series consists of deep, newly level to hilly, 
well-drained, silty soils glacial till uplands and. terraces 
that are mantled with a thin layer of loess, These soils 
formed partly in a thin layer of loess and partly in the 
underlying glacial till or loamy terrace materials. 

‘In a representative profile the surface layer is dark pgray- 
ash-brown silt loam about 7 inches thick. ‘The subsoil is 
very friable silt loam about 17 inches thick. The upper 3 
inches of the subsoil is dark grayish brown; the next 8 
inches is brown; and the lower 6 inches is yellowish brown. 
ie under| ying material is calcareous clay loam glacial till 
(fig. 11). 

‘Temvik soils are high in available water capacity and 
fertility and moderate in organic-matter content. Per- 
meability is moderate in the loess subsoil and moderately 
slow in the glacial till underlying material. These soils arc 
slightly susceptible to soil blowing and susceptible to water 
erosion where slopes are more than 3 percent. 

‘These soils are used mainly for crops. Most of them are 
suited to all-crops commonly grown in the county. 

Representative profile of ‘Temvik silt loam in an avea 
cof Temvik-Williams silt loams, undulating, in native grass, 
990 feet south and 430 feet east of the northwest corner 
of sec. 2, T 143 N., R. 84 W. 


Ap1—0 to 7 inches, dark grayish-brown (JOYR 4/2) silt loam, 
very dark brown (10 YR. 2/2) moist; weak, medium, 
subaugular blocky and weak, fine, crumb structure; 
very friable; many roots; many very fine pores; 
neutral; abrupt, smooth boundary, 

B21—7 to 10 inches, dark grayish-brown (10 YR, 4/2) silt loam, 
very dark grayish brown (10YR 3/2) moist; weak, 
coarse, prismatic structure separating to weak, medi- 
um, subangular blocky structure; very friable; many 
roots; mlany very fine pores; neutral; gradual, wavy 
boundary. 

B22—10 to 18 inches, brown (1OYR 4/3) silt loam, dark brown 
(OYR 3/3) moist; moderate, coarse and medium, 
prismatic structure separating te moderate, coarse 
and medium, subungular blocky structure; thin, 
patchy, clay films on faces of peds; very friable; 
‘common fine roots; common fine pores; neutral; clear 
wavy boundary. 

BS—18 to 24 inches, yellowish-brown (LOYR 5/4) silt loam, 
brown (10YR 4/3) moist; weak, coarse, prismatic 
structure separating to weak, coarse and medium, 
subangular blocky structure; very friable; common 
‘fine roots; common fine pores; neutral; clear, wavy 
‘boundary. 


is underlain by calcareous glacial till. 


TIClea—24 to 32 inches, light brownish-gray (2,5Y 6/2) clay 
Joam, light olive brown (2.5 5/3) moist; a few small, 
distinct, dark-red (2.5YR 3/6, moist) mobtles; weak, 
coarse, prismatic structure separating to weak, coarse, 
medium, subangular blocky structure; friable; vio- 
lently effervescent; many large and medium nodules 
of lime; common fine roots; common fine pores; 
moderately alkaline; gradual, wavy boundary. 

T1C2ea—32 to 40 inches, light brownish-gray (2.5Y 6/2) clay 
loam, light olive brown (2.5¥ 5/3) moist; weuk, 
coarse to fine, subangular blocky structure; friable; 
violently effervescent; common nodules of lime; a 
few fine roots; common pores; moderately alkaline; 
gradual boundary, 

TIC3—50 to 60 inches, light yellowish-brown (2.5Y 6/3) clay 
loam, olive brown (2.5Y¥ 4/3) moist; a few, small, 
distinct, dark-red (2.5Y 3/6, moist) mottles; weak, 


52 


subangular blocky structure; firm; strongly efferves- 
cent; a few small and medium nodules of lime; 
inoderately alkaline. 

The B22 horizon has a color hue of 1QYR or 2.5¥ and a 
valuc of 2 or 3 when moist and 3 or 4 when dry. It from 
weak to strong in structure. Thin, continuous, clay films cont 

a8 a all or part of the C harizon 

ty clay loam. Salis are in the 

© horizon in ses, Depth to carbonates in most places 

is the same as the thickness of the solum, or 36 to 30 inches. 

The upper 20 ta 40 inches formed in loess. In some places the 

lower part of the B2 horizon and the B3 horizon formed in 
glacial till. 

Temvik soils are associated with and are similar to Williams 
and Linton soils. Temvik sails have n.cos textured B2 
horizon Williams soils and a finer textured C horizon 
than Linton soils, 

Temvik silt loam, nearly level (0 to 3 percent slopes) 
(Tm A).—This soil oecupies tracts of 5 to more than 80 
acres in size. Tt is on uplands and terraces. 

This soil has a profile similar to that described as 
representative for the series, except that on terraces the 
underlying material is stratified. loam to silty clay loam. 
Runoff is slow, and surface drninuge is poorly defined in 
most places. 

Included in mapping were small areas of Grassna, Wil- 
liams, and Tonka soils and some small sareas of Linton 
and, Mandan soils, Also included were areas of soils where 
part of the sclum formed in 10 te 20 inches of loess and 
areas of soils that are darker colored in the lower part of 
the subsoil. 

This soil is slightly susceptible to soil blowing. It is 
used mainly for small grains and is well suited to all crops 
commonly grown in the county. (Capnbility unit Tlo-6; 
Silty range site; windbreak group 3) 

Temvik- Williams silt loams, undulating (3 to 6 percent 
slopes) (TwB).—This complex consists of dcep, well- 
drained soils that formed partly in a thin layer of loess 
and partly in the underlying glacial till ag well as soils 
that formed entirely in glacial till, It is on uplands in 
tracts that are mainly 5 to 150 acres in size. ‘The Temvik 
soil is mainly on side slopes, and boul 500 acres is on 
terraces. On the terraces the Temvik soil has longer slopes 
than most of this complex. The Williams soil has convex 
‘slopes. ‘Temvik silt loom makes up about 60 percent of the 
complex, and Williams silt loam 20 percent. 

The Temvik soil has the profile described as representa- 
tive for the series, On the terraces it has a substratum of 
stratified loam or silty clay loam. The Williams soils has 
a profile similar to that described as representative for 
the series, except that the surface Jayer is silt loam in 
most places. Runoff is moderately slaw. 

Included with these soils in mapping were small areas 
of Grassna, Tonka, and Arnegard soils and some small 
areas of Linton and Mandan soils. Also included were 
areas of soils in which part of the solum formed in 10 to 
20 inches of loess and areas of s that have darker colors 
in the lower part of the subsoil. 

Soils of this complex are moderately susceptible to 
water erosion, They are used mainly for small grains. 
They are fairly well suited to corn and well suited to all 
other crops commonly grown in the county. (Capability 
unit ITe-6; Silty range site; windbreak group 3) 

Temvik- Williams silt loams, rolling (6 to 9 percent 
slopes) (TwC}.—This complex consists of deep, well- 
drained soils that formed partly in a thin layer of loess 
and partly in the underlying glacial till, as well as soils 
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that formed entirely in glacia 
50-acre tracts on uplands and. on terrace edges underlain 
by glacial till. The Williams soil is on the upper side 
slopes and hilltops, and the Temvik soil is on the lower 
side slopes. Temvik silt loam makes wp about 60 percent 
of the complex, and Williams silt loam 30 percent. 

The Temvik soil has a profile similar to that described 
as representative for the series, except thas the solum 
is about 3 inches thtmer. The Williams soil has a profile 
similar to that described us representative of its series, 
except that the combined thickness of the surface layer 
and subsoil is nbout 3 inches less and in some places the 
surface layer is silt loom. Runoff is medium to moderately 
rapid. 

Included with these soils in mapping were small areas 
of Grassna, Arnegard, Williams, and Zahl sails. Also 
included were small areas of Mandan and Linton silt 
loams and small arens of soils in which part of the solam 
formed in 10 to 20 inches of loess. 

The main concern, of management is controlling water 
erosion. Soils of this complex are used mainly for small 
grains and grass. They are fairly well suited to small 
grains, well suited to grass and legumes, and poorly suited 
to corn. Intensive management is needed to control 
water erosion in fields where row crops are grown, 
(Capability unit IlTe-6; Silty range site; windbreak 
group 3) 

Temvik- Williams silt loams, hilly (9 to 12 percent 
slopes) (TwD).—This complex consists of deep, well- 
drained soils that formed partly in a thin layer of Joess 
and partly in the underlying glacial till, as well as soils 
that Tormed entirely in glacial till, [t is mainly in, 3- to 
50 acre tracts on uplands and on terrace edges underlain 
by glacial till. The Williams soil ig on the upper side slopes 
and hilltops, and the Ternvik soil is on the lower side 
slopes. Temvik silt loam makes up about 60 percent of 
the complex, and Williams loam and Williams silt loam 
30 percent. Runoff is moderately rapid 
The Temvik soil has « profile similar to that described 
for the series, oxcept that the combined thickness of the 
sutface layer and subsoil is about 5 inches less. The 
Williams soil has a profile similar to that described as 
representative of its series, except that the combined 
ice layer and subsoil is about 5 inches less and it 
sa.silt foam, surface layer in some places. 
Included with these soils in mapping were small areas 
of Grassna, Arnogard, Williams, and Zah! soils. Also 
included were small areas of Mandan and Tinton. silt 
oams and small arcas of soils in which part, of the solum 
formed in 10 to 20 inches of loess. 

Soils of this complex are extremely susceptible to water 
erosion if they are cultivated. They are used. mainly for 
native pasture. They sre well suited to gr: fairly well 
suited to small grains and legumes, and poorly suited to 
corn. Row crops cannot be grown without excessive 
osses of soil. (Capability unit; [Ve-6; Silty range site; 
windbreak group 3) 


till. Ib is mainly m 3- to 


Tonka Series 


The Tonka series consists of deep, nearly level, poorly 
drained soils in shallow basins. Those soils are mainly 
on glacial till uplands, but some of the uplands have been 
covered with a thin layer of loess. 
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In a representative profile the surface layer is dark-gray 
silt loam about 5 inches thick, In cultivated areas the 
original surface layer has been mixed with part of the 
grayer subsurface layer. The subsurface layer is mottled, 
gray silt loam about 6 inches thick. The firm, dark-gray 
subsoil is about 29 inches thick. It is silty clay in the 
upper 7 inches and heavy silty clay loam below. The 
underlying material is mottled, olive-gray heavy silty 
clay loam. 


Tonka soils are high in available water capacity and 
organic-matter content and moderate in fertility. Perme- 
ability is slow. These soils are ponded in the spring and 
and after heavy rains. 


Wetness is the main concern of management, These 
soils are used mainly for permanent huy, pasture, and 
wildlife habitat. Drained arcas nre also used for small 
grains, 


Ropresentative profile of Tonka silt loam in an area 
of Tonka and Parnell silt Joamns, in native grass, about 3 
miles south of Sanger and 310 feet east and 800 feet 
north of the southwest corner of sec. 7, ‘T. 142 N., R. Sl W. 


Al—0 to 5 inches, dark-gray (JOYR 4/1) silt loam, black 
QOYR 2/1) moist; eompoumd strueture of weak, 
medium, subangular blocky and weak, thick, platy 
separating casily £0 weak, fine, crumb; friable, 
sticky and slightly plastic; many fine grains of clear 
quartz; very slightly acid; clear, wavy boundary. 

A2---5 to Ll inches, gray (1OYR 5/1) silt Joam, very dark gray 
GOYR38/1) moist; many medium, distinct, dark-brown 
(lOYR 3/3} mottles, light gray GOYR 6/1) and 
brownish yellow (1OYR 6/6) dry; weak, thin and 
medium, platy strecture; friable, slightly sticky and 
slightly plastic; plates are coated with bleached sand 
grains; many roots; neutral; clear, wavy boundary. 
to 18 inches, dark-gray (IOYR 4/1} silty clay, very 
dark gray (OYR 3/1) moist; weak, prismatic struc- 
ture separating to strong, angular bloeky structure; 
continuous clay films on tical surfaces and patchy 
clay skins on horizontal surfaces of pads; streaks of 
dark-gray (LOYR 4/1, moist) coatings on faces of 
prisms; firm, very sticky and very plastic; many 
roots; neutral; gradual boundary. 

B3—18 to 40 inches, dark-gray (10YR, 4/1) heavy silty clay 
loam, very dark gray GOYR 3/1) moist; weak, 
coarse, prisinatic structure separating to strong, 
coarse, angujar blocky strueture; thin, patchy, clay 
films on vortical surfaces of peds; firm, very sticky 
and very plastic; neutral; clear boundary. 

Cg—40 to 60 inches, olive-gray (5Y 5/2) heavy silty clay loam, 
dark olive gray (5 Y 3/2) moist; many, coarse, promi- 
nent, dark yellowish-brown (10YIR 8/4 and 4/4, 
moist) motbtles; weak, coarse, subangular bloeky 
structure ie massive; firm, very sticky and very 
plastic; & few roots in upper several inches; neutral, 

The Al horizon ranges from 3 to 12 inches in thickness, 

Where it hag been mixed with the A2 horizon, the thin Ap1 

horizon is generally very dark gray (LO¥R 3/1) when moist. 

Tt ranges from 4 to 8 inches in thiekness and from very fine 

sandy loam ¢o silt Joan in texture, The AZ horizon has mottles 

that range from few to many, fine to coarse, faint to prominent, 
and from light gray, dark brown, and grayish brown to yellow- 
ish brown. In many places the B horizon has peds that are 
coated with bleached sand grains and silt. Tt ranges frorn 
slay to silty clay loam, and the average clay content is 35 and 

45 percent. It has a color hue of 10¥R or 2.5Y, and mottling 

is weakly expressed. The C horizon is loamy alluvium or 

glacial till, The sohum ranges from 20 to more than 60 inches 
in thickness, There are a few pebbles, stones, coarse-textured 
strata end lime below a depth ef 30 inches in some places. 

In Oliver County, the color value of the AZ horizon in 

Tonka soils is durker than is defined as the range for the series, 

hut this difference does not alter the usefulness or behavior of 

these soils, 


Bat. 
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Tonka sails are associated with Parnell, Williams, and 
Temvik soils. Tonks soils are generally in shallower basins 
and are not so poorly drained as Parnell soils. They are more 
poorly drained and have a more glayey B2 horizon than 
Williams and Temvik soils, 

Tonka and Parnell silt loams (0 to 1 percent slopes) 
(Tx).—This undifferentiated unit consisis of Tonka. silt 
loam and Parnell silt loam. It occupies round to oblong 
basins, 2 to about 40 acres in size, in nearly level to 
hilly uplands. Parnell silt Joam is.in the center of some 
basins thet are mainly Tonka silt loam, but ib occupies 
Jess than one-third of the basin area. Ponded water that 
more than 1 to 4 feet deep naturally flows from many 
basins through well defined drainagewnys. 

The Parnell soil has a profile similar to that described 
as representative for its series, excopt that it has a gray 
subsurface layer less than 4 inches thick ‘n many places. 
This soil is also better drained than the representative 
Parnell silt loam. 

Included with these soils in mapping were small arens 
of a soil that is like Tonka soil except for having a 
moderately dense claypan subsoil. Areas of soils that have 
a lighter colored subsurface layer are included. 

ndrained areas of these soils are used mainly for per- 
manent hay and pasture. They are suited to pasture, 
hay, and Inte-seeded crops. Drained areas ne used mainly 
or grass, alfalfa, and small grains but are suited to all 
crops grown in the county. (Capability unit [Vw-6 if 
undrained, [[w-6 if drained; Wet Meadow range site; 
windbreak group 2) 


Trembles Series 


The Trembles series consists of deep, nearly level to 
undulating, calcareous, well-drained, loamy soils that 
occupy the inner part of bottom Jancis along the Missouri 
River. These soils have thin strata, in which there are 
extreme variations of texture, but that are mainly mod- 
erately coarse textured. The soil materials have only 
recently heen deposited by floodwater, and therefore there 
is little soil development. The pattern of drainage is 
distinct, but the drainage is generally parallel to the 
river channel. 

In a representative profile the surface layer is light 
brownish-gray fine sandy Joam about 6 inches thick. The 
underlying material is light brownish-gray. [t is mainly 
very friable fine sandy loam in which are interspersed 
layers of very fine sendy loam, loam, loamy fine sand, 
and fine sand. 

‘Trembles soils are moderate in available water capacity 
and fertility and low in organic-amatter content. Permea- 
bility is moderately rapid. 

Intensive applications of commercial fertilizer, manure, 
or crop residues are riceded. to increase the organic-matter 
content and fertility and to control erosion. Leaving belts 
of native trees when clearing trees and brush helps control 
erosion. Native vegetation is a mixture of broadieal trees, 
shrubs, and tall and mid grasses. Trembles soils are used 
mainly for irigated and dryland crops common to the 
county. Most areas that have trees and shrubs are pas- 
tured. These soils are well suited to fairly well suited to 
all crops commonly grown in the county. 

Representative profile of Trembles fine sandy loam in 
an area of Banks-Trembles fine sandy loams, nearly level, 
in fame pasture, about 2 miles southeast of Washburn, 
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which is across the Missouri River, 690 feet west and 100 
feet north of the southeast corner of sec. 31, T. 144 N., 
R. 81 W. 


Al—0 to 6 inches, light brownish-gray (2.5¥ 6/2) fine sandy 
loam, dark grayish brown [2.5 ¥ 4/2) moist; weak, fine 
and medium, subangular blocky strucbure; slightly 
hard, very friable; many roots; slightly effervescent; 
mildly alkaline; clear, wavy boundary. 

IIC1—6 to inches, light brownish-gray (2.5Y 6/2) very fine 
sandy loam, dark grayish brown (2.5Y 4/2} moist; a 
few distinct, dark yellowish-brown COYR 4/8, moist) 
motiles; weak, thick, platy structure separating casily 
to weak, medium, subangular bloeky structure; 
slightly hard, very friable; many roots; slightly effer- 
vescent; mildly alkaline; clear, irregular boundary. 

TIIC2—9 to 16 inches, light brownish-gray @.5Y 6/2) ‘fine 
sandy loam, dark grayish brown (2.8Y 4/2) moist; 
weak, thick, platy structure separating easily to weak, 
medium, subangular blocky structure; slightly hard, 
very friable; many roots; slightly effervescent; mildly 
alkaline; abrupt, wavy boundary. 

IVC3—16 to 25 inches, light: brownish-gray (2.5Y 6/2) loamy 
fine sand, dark grayish brown (2.5 Y 4/2) moist; very 
weak, thick, platy and single grained; soft, very 
friable; many roots; slightly effervescent; mildly 
alkaline; clear, wavy boundary. 

VC4—25 to 33 inches, light brownish-gray (2.5Y 6/2) fine 
sandy loam, dark yish brown (2.5°Y 4/2) moist; a 
few medium, distinct, brown (10YR 4/3, moist) 
mottles; wenk, thick, platy structure; soft, very 
friable; slightly effervescent; mildly alkaline; abrupt, 
wavy boundary. 

VIC5—83 to 43 inches, light brownish-gray (2.4 6/2) loum, 
dark grayish brown (2.5 ¥ 4/2) moist; a few mediuin, 
distinct, brown (lO¥TR 4/3, moist) mottles; weak, 
thick, platy structure; hard, friahle; slightly effer- 
vescent; mildly alkaline; abrupt, wavy boundary. 

VITCh—43 to 57 inches, light brownish-gray (2.5Y 6/2) fine 
sand, dark grayish brown (2.5Y 4/2) moist; single 
grained; loose; slightly effervescent; moderately 
alkaline; abrupt boundary. 

VITIC7—57 to 60 inches, light brownish-gray (2.5Y 6/2) fine 
sandy loam, dark grayish brown @.5Y 4/2) maist; 
soft, very friable; slightly effervescent; moderately 
alkaline. 


The Al horizon ranges from light brownish gray (2.5Y 6/2) 
to grayish brown (2.5Y 5/2) in color when dry. It is silty clay 
loam, loam or fine sandy loam and is 3 to 10 inches ‘thick. 
Below this horizon in some pluices are slightly darkened hori- 
zontal bands less than ! inch thick and below it in most places 
are a few distinct to faint mottles, Lime is finely divided. 

Trembles soils are associated with Banks, Havrelon, and 
Lohler soils. Trembles soils are coarser toxiured than the 
nearby Lohler and Havrelon and finer textured than the 
Banks soils. 

‘The Trembles soils in this survey areca are mapped only in 
complex with Banks and Havrelon soils. 


ils 


Vebar Series 


The Vebar series consists of moderately deep, nearly 
level to steep, well-drained, moderately sandy soils that 
forrned in material weathered frora soft sandstone. They 
are on long, sloping residual uplands. Soft sandstone is at 
a depth of 20 to 40 inches. Drainage patterns are well 
defined. 

In a representative profile the surface layer is dark 
grayish-brown fine sandy loam about 6 inches thick. Below 
this is w layer of dark grayish-brown fine sandy loam, 
about 5 inches thick, that is tongued with very dark 
grayish brown. The subsoil is very friable fine sandy loam 
about 11 inches thick. It is brown in the upper part and 
grayish brown in the lower part. The underlying material 
is caleareous fine sandy loam to a depth of 81 inches, Tt is 
pale olive in the upper part and brown and yellowish 
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brown :n the lower part. Below this is mottled, light 
yellowish-brown, soft sandstone. 

Vebar soils are moderate in available water capacity, 
organic-metter content, and fertility. Permesbility is 
moderately rapid. The root zone of deep-rooted crops is 
slightly to moderately restricted by the underlying 
sandstone. 


Cultivated areas of these soils are subject to soil blow- 
ing, and areas that have slopes of more than 3 percent are 
subject to gullying, Most of these soils ave used for native 
pasture end hay. Stone-[ree areas that have slopes of less 
than 9 percent are well suited to fairly well suited to most 
crops commonly grown in the county. 

Representative profile of Vebax fine sandy loam, sloping 
in native prass, 200 fect west and 20 feet south of the 
northeast corner of the SEX see. 26, ‘I. 143 N., BR. 85 W. 


Al—0 to 6 inches, dark grayishtirawn (1L0VR 4/2) fine sandy 
loan, very dark grayish brown (OYR 3/2) moist; 
weak, soarse, prismatice structure separating casily 
to weak, fine, crumb structure; very friable; many 
roots; neutral; diffuse, wavy boundary. 

AB—6 to 11 inches, dark grayish-brown (LOYR 4/2) fine sandy 
loam, dark brown (GYR 3/8) moist; tongued with 
very dark grayish brown (OYR 3/2) moist; weak, 
course, prismatic structure; very friable; many racts; 
neutral; gradual, irregular boundary. 


333—18 to 22 inches, grayish-brown (2,5Y 5/2) finc sandy laarn, 
daric grayish brawn (2,5Y 4/2) anoist; weak, very 
coarse, prismatic structure; very frinble; many roots; 
mildly alkaline; gradual, wavy boundary, 

Clea—22 to 81 inches, pale-alive (5Y 6/4) fine sandy loam, 
olive gray (5Y¥ 4/2) moist; wenk, very course, prismatic 
structure; very friable; common roots; violently 
effervescent; diffused lime; moderately alkaline; clear, 
wayy boundary, 

C2ca—31 to 20 inches, brown (7.5 ¥ R 4/4) and yellowish-brown 
(10YR 5/4) fine sandy loam; clark brown (7.5YB 3/4) 
and dark yellowish brown (LOYR 4/4) moist; weuk, 
coarse, subangular blocky structure; very friable; 
common roots; violently effervescent; diffused lime; 
moderately alkaline; abrupt, wavy boundary. 

C3—35 to 60 inches, light yellowish-brown (2.5 6/4), soft, 
platy to massive sandstone, olive brown (2.5Y 4/4) 
moist; few to common, distinct, yellowish-red (/ YR 
4/8, moist) motiles; no rovis; strongly efferveseent and 
slightly cffervescent, in lower part; moderately 
nlkaline. 


The Al horizon is fine sandy loam er loam and has a colar 
value of 2 or 3 when moist and 4: ar 4 when dry. The B horizon 
has « color value of 4. or 5 when dry and 3 or 4 when moist anda 
chroma of 2 through 4. ‘Che B3 horizon has « hue of 2.5Y or 
YR. In places the B2 horizon has organic stains and films 
on prism faces and sand grains. In many places part of the C 
horizon has a color hue of 7.5YR to SYR. A Cea horizon is 
present in many places. The underlying sandstone is dffer- 
vescent in most places. The thiekness of the solum is the same 
as the depth to soft sandstone in some places, Glacial pebbles, 
stones, and boulders ure common on the surface in many places. 

In Oliver County the Vebar loams that are mapped in com- 
plexes with the Tally loams have a B horizon that contains 
more clay and has stronger structure than is defined as the 
range for the serics. These soils also contain many glacial 
pebbles, cobblestones, and stones. These differences, nithough 
not within what is defined ns the range for the series, do not 
alter the behavior or usefulness of these sails. 

Vebar soils are associated with Cohagen and Tally 
They have a thicker solum over sandstone than Cohagen 
Vebar sails are shallower to soft sandstone than Tally soils. 
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Vebar fine sandy loam, sloping (6 to 9 percent slopes) 
(VaC).—-This soil has the profile described as representa- 
tive for the series. Runoff is medium. 

Included with this soil in mapping were eroded areas 
where the original darker colored surface layer has been 

lowed and mixed with part of the brown subsoil. Also 
included were small areas of Tally, Parshall, Cohagen, 
and Arnegard soils nud some small areas of Williams and 
Sen. soils. 

The main, concerns of management are control of soil 
blowing und the control of water erosion on long slopes. 
Gullying is a, serious hazard in fields where row crops are 
grown. This soil is used mainly for small grains and grass. 
It is well suited to grass, fairly well suited to small grains 
and legumes, and fairly well suited to poorly suited to 
corn. {Capability unit [Ve-3; Sandy range site; wind- 
break group 5) 

Vebar stony fine sandy loam, hilly (6 to 15 percent 
slopes) (VboD).—This mapping unit consists of stony 
Vebar fine sandy loam and intervening areas of Vebar 
soils that are relatively free of stones. The stony and stone- 
free areas are too intricately associnted to be mapped 
separately, but stony areas are dominant. Boulders and 
stones cover about 10 to 15 percent of the surface areas, 
and more than 75 percent of the coarse fragments are 
larger than LO inches in diameter. Glacial granitic and 
ou stones are the main kinds of coarse fragments 

ig. 12). 

The profile of this soil is similar to that deseribed as 
representative for the series, except that combined thick- 
ness of the surface layer and subsoil is about 4 inches 


less. Also, the surface is stony. Runoff is moderately 
rapid to medium. Included in mapping were some s!oping 
areas. 

Stone clearing is not economically feasible for farmers. 
However, many areas have been cleared by contractors 
who usc the stone for construction. This soil is used for 
and is suited to native pasture. Cleared areas where 
slopes are less than 9 percent are suited to tame crops. 
(Capability unit VIls-Sy; Sandy range site; windbreak 
group 10) 
ebar-Cohagen fine sandy loams, hilly (9 to 12 percent 
slopes) (YhD).—This complex consists of well-drained 
soils that are moderately deep and shallow to sandstone. 
These soils are on residual uplands. Vebar fine sandy 
loam makes up about 70 percent of the complex, and 
Cohagen fine sandy loam 20 percent. 

The Vebar soil has a profile similar to that described 
as representative for the series, except that the combined 
thickness of the surface layer and subsoil is about 5 
inches less. Runoff is rapid. 

Included with these soils in mapping were many small 
eroded areas in cultivated fields. These arens have a 
plow layer in the lighter colored subsoil, or ibe original 
darker colored surface layer is mixed with part of the 


<i 


subsoil. Also included were small areas of Arnegard, 
Tally, and Parshall soils and some smal} areas of Williams, 
Sen, Werner, and Zahl soils. Other inclusions were a few 
areas, less than 15 acres in size, of sloping to steep fine 
sandy loam that is moderately deep to sand and gravel. 
An example of this inclusien is 10 acres in the W1/2 sec. 
35, 'T. 141 N., R. 82 W. 


Figure 12.—Area of Vebar stony fine sandy loam, hilly, 6 to 15 percent slopes. Stones and boulders on the surface are mainly granilie 
and are of glacial origin. 
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The soils in this complex are subject to soil blowing 
and water erosion, and soil losses are excessive in fields 
used for cultivated crops. They are suited to and are 
used for pasture and hay. (Capability unit VIe-Sy; 
Vebar .part in Sandy range site, and Cohagen part m 
Shallow range site; Vebar part in windbreak group 6, 
and Cohagen part in windbreak group 10) 
Vebar-Tally fine sandy loams, gently sloping (8 to 6 
percent slopes) (VkB).— This complex consists of moder- 
ately deep to deep, well-drained soils on residual uplands. 
Vebar soils have mainly convex slopes. Vebar fine sandy 
loam makes up about 65 pereent of the complex, and 
Tally fine sandy loam 30 percent. 
The Tally soil has a profile similar to that described as 
representative for the series, except that soft sandstone is 
at a depth of 40 to 60 inches. Runoff is slow to medium. 
Included. with these soils in mapping were smal! areas 
of Arnegard and Parshall soils and small arcas of Sen 
and Williams soils. Included also were eroded areas where 
the original darker colored surface layer has been plowed 
and mixed with part of the browner subsoil. 

The main concern of management is controlling soil 
blowing. Water erosion is a concern in fields where row 
crops are grown. ‘The soils of this complex are used 
mainly for small grains, corn, and grass. ‘They are well 
suited to grass, lerumes, and corn and suited to small 
grains. (Cnpability unit ITle-3; Sandy range site; 
windbrenk group 5) 

Vebar-Tally loams, undulating (3 to 6 percent slopes) 
(VIB).—This complex consists of moderately deep to 
deep, well-drained soils that have a surface layer of 
lorm and a subsoil of loam to light-textured clay loam. 
‘These soils are on glacier-reworked residual uplands. 
Vebar loam makes up about 55 percent of the complex, 
and Tally loam 40 percent. 

The profiles of the Vebar and Tally soil ave similar to 
those described as representative for their respective 
series, except that in most places the surface layer and 
subsoil are loam. Runoff is medium. Included in. mapping 


were some aveas of Williatns and Arnegurd loam and a 
S 


few 9 of soils that have less than the slope range 
described for this complex. 

Soil blowing is 2 moderate hazard, and water erosion 
is a slight hazsurd on the soils of this complex. The soils 
are used mainly for small grains, corn, and alfalfa. They 
are well suited to the crops commonly grown in the county 
(Capability unit Ile-5; Sandy range site; windbrenk 
group 5) 

Vebar-Tally loams, rolling (6 to 9 percent 
(VIC).-—-This complex consists of moderately deep to 
deep, well-drained soils that have a loam surface layer and 
a subsoil of loam to light-textured clay loam. These soils 
are on glacier-reworked residual uplands. Vebar loam 
makes up about 60 percent of the complex, and Tally 
loam 30 percent. 

The profiles of the Vebar and Tally soils are similar to 
those described as representative lor their respective 
series, except that the surface layer and subsoil are loam. 
Runoff is medium to moderately repid. Many small areas 
of Vebar fine sandy loam were ‘included im mapping and 
some small areas of Williams and Arnegard loam and 
Tally fine sandy loam. 

Soil blowing is « moderate hazard on. the soils of this 
complex, and water erosion is a serious hazard. Water 
erosion 1s more severe in cultivated drainageways and 


slopes) 
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in fields where row crops are grown than in other areas. 
The soils are used mainly for small grains and grass. 
They are well suited to grass and legumes, fairly well 
suited to small grains, and poorly suited to corn, (Capa- 
bility unit T1Te-5; Sandy range site; windbreak group 5) 


Velva Series 


The Velvu series consists of deep, nearly level, well- 
drained, moderately sandy soils on stream bottom lands. 
Most of these soils are flooded during periods of high 
runoff, Velva soil is characterized by stratification below 
the surface layer. The layers ore thin and vary in color 
and texture. . : 

In, a representative profile the surface layer is dark 
greyish-brown fine sandy loam about 10 inches thick. 
Below this, to a depth of about 85 inches, are 14- to 
2-inch layers of grayish-brown and pale-brown, very 
friable fine sandy Toarm and loamy fine sand and friable 
loam. Below this is light yellowish-brown, friable loam 
about 7 inches thick. Between. depths of 42 and 60 inches 
is light brownish-gray, layered sandy loam and loamy sand. 

Velva soils are moderate in available water capacity, 
organic-matter content, and fertility, Permeability is 
moderately rapid. , 

The flood hazard is moderate, mainly early in spring 
before crops are seeded, and damages mainly the roads 
and bridges. Summer flooding from heavy rains is rare 
but damages crops when it occurs. Velva soils are used 
mainly for alfalfa, grass, and corn. Most of these crops 
are harvested as forage. These soils are suited to small 
grains and well suited to legumes, grass, and com. 

Representative profile of Velva fine sandy Joam in an 
area of Velva-Straw fine sandy loams, in a cultivated 
field, 480 feet west and 580 feet south of the center of 
sec. 8, T. 141 N., R. 82 W. 

Apl—D to 5 inches, dark grayish-brown (1LOYR 4/2) fine 
sandy loam, very dark brown (LOYR 2/2) moist; 
moderate, fine, cramb strueture; very friable; many 
roots; neutral; abrupt boundary. 

A12—5 to 10 inches, dark grayish-brown (10¥R 4/2) fine sandy 
loam, very dark brown (LOYR 2/2) moist; weak, 
course, subangular blocky structure separating to 
moderate, fine, crumb structure; very friable; many 
roats; many pores; neutral; abrupt, smooth boundary, 

Cl—10 to 35 inches, grayish-brown and pale-brown (LOY 4/2 
and 6/3) fine sandy loam, loamy fine sand, and loam 
in alternate layers, 44 inch to 2 inehes thick, dark 
grayish brown (1OYR 4/2) moist in most layers but 
very dark grayish brown (2.5 Y 3/2) moist in loam 
layers; weak, coarse, subangular blocky structure, 
except in loumy fine sand strata; friable and very 
friable; common roots but a few roots in lower part; 
slightly to strongly effervescent; mildly alkaline; 
abrupt boundary. 

I1C2—25 to 42 inches, light yellowish-brown (2.5 Y 6/3) loam, 
dark grayish brown (2.5Y 4/2) moist; weak, coarse 
subangular blocky structure; few roots; eommon 
medium pores; friable; strongly effervescent; mod- 
erately allatine; abrupt boundary. 

IITC3—42 to 60 inches, light brownish-gray (2.5Y 6/2) sandy 
loam and loamy sand in altcrnate layers, dark grayish 
brawn (2.5Y 4/2) moist; weak, coarse, subangular 
blocky structure and single grained; very friable and 
loose; slightly effervescent; moderately alkaline. 


The Ai horizon is fine sandy loam or loam in texture, The 
stratifted C horizon has dominant textures of fine sandy loam 
and light-textured loam. The strata of heavy loam, silt loam, 
and fine sand are thin. Depth to lime ranges from 0 to 20 inches, 
In most places there is a thin, buried Al horizon between depths 
of 10 and 40 inches. In a few places strata of sand and gravel 
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are below a depth of 40 inches. Small chips of scoria and lignite 
are common in the C horizon. 

Velva soils are associated with Straw soils and are similar 
to Straw and Trembles soils. Velva soils are coarser textured 
and are stratified closer to the surface than Straw soils. They are 
darker colored than Trembies soils, 

Velva-Straw fine sandy loams (0 to 3 percent slopes) 
(Vs).—This complex consists of decp, well-drained soils 
that have a subsurface layer mainly of fine sandy loam to 
loam. They are on bottom lands along ereeks, mainly in 
5- to 50-acre tracts. In most places it is periodically 
flooded, and in places, the water table is high enough that 
moisture is within rench of deep-rooted. crops. Velva fine 
sandy loam makes up about 60 percent of the complex, 
and Straw fine sandy loam 35 pereent. 

The Straw soil has a profile similar to that described as 
representative for the series, except that the surface layer 
is fine sandy loam, Runoff is slow. Included in mapping 
were small areas of Velva loam and Straw loam. 

The main concern of management is contro} of soil blow- 
ing. Soils of this complex are used mainly for alfalfa, corn, 
and grass cut for forage. They are suited to small grains 
and well suited to all other commonly grown crops. 
(Capubility unit ILle-8; Overflow range site; windbreak 
group 1) 


Wabek Series 


The Wabck series consists of gently sloping to very 
steep, excessively drained, loamy soils that are very 
shallow to sand and gravel. These goils are on stream 
terraces and in outwash channels and on outwash plains. 
In. a representative profile the surface lnyer is duck 
grayish-brown gravelly loam about 4 inches thick. The 
underlying material ‘is loose, grayish-brown gravelly 
coarse sandy lonm to a depth of 9 inches. Below this it is 
pale-brown and light brownish-gray, stratified coarse sand, 
gravel, and cobblestones, 

The Wabek soils are very low in available water capac- 
ity, moderate in organic-matter content, and low in 
fertility, Permeability in the sand and gravel underlying 
material is very rapid. ‘The root zone for plants is restricted 
to the upper few inches of the sand and gravel. The sand 
and gravel is suitable for roadbase and surfacing but has 
poor to fair suitability for concrete aggregate. These soils 
are suited to and used mainly for pasture. They are not 
suited to hay. 

Representative profile of Wabek gravelly loam, steep, 
in native grass, 800 feet south and 580 feet east of the 
northwest corner of sec. 26, T. 143 N., R. 82 W. 

Al—0 to 4 inches, dark prayish-brown (10YR 4/2) gravelly 
loam, very dark brown (LOYR 2/2) moist; weak, fine, 
granular structure; very friable; many roots: few to 
common pebbles; slightly efferveseent; mildiy alka- 
line; gradual, wavy boundary. 

IfClea—4 to 9 inches, grayish-brown (2.5Y 5/2), gravelly, 
coarse sandy loam, dark grayish brown (2.5Y 4/2) 
moist; single grained; loose; common roots; strongly 
effervescent; ¢rusts of lime on undersides of pebbles 
and cobblestones; moderately alkaline; gradual, wavy 
boundary. 

IHC2—9 to 60 inehes, pale-brown (10YR 6/3) and light 
brownish gray (25Y 6/2), stratified coarse sand, 
gravel, and cobblestones and mixtures of these; 
few roots in upper 10 inches; } 
but decreasing to slightly effervescent in lower part; 
moderately alkaline. 
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‘The Al horizon is gravelly loam, sandy gravelly loam, loam, 
or sandy Jnam and dark grayish brown to grayish brown in a 
hue of iGYR. In some places it is noncalcareous. In some 
places there is @ clear boundary between the Al and TIC 
horizons, The I1Cea horizon has segregaicd lime in some 
places and diffused lime in others. Thin crusts of lime are ou 
the bottoms of pebbles. The C horizon has & hue of 10YR 
to 2.5Y, chroma of 2 or 3, and values of 4 through 6. The 
solum is the surface horizon above the ITC horizon. In many 
ates there is a thin, transitional AC horizon of gravelly or 

sandy loam. 

Wahek soils are similar to Lehr and Manning soils. They 
have a thinner solum and lack the B2 horizon that is typical 
of Lehr and Manning soils. 

Wabek gravelly loam, steep (6 to 30 percent slopes) 
(WaD).—This is a sloping to very steep soil mainly on 
terrace edges, but in a few places slopes are gentle. 

In some places this soil has a surface layer of loam, 
sandy loam, or gravelly sandy loam. Runoff is slow to 
medium. 

Included with this soil in mapping were small areas of 
Lehr loam and Manning fine sandy loam and a few small 
areas of Werner, Zahl, and Cabba loams, 

Most of the precipitation enters the soil and percolates 
beyond rooting depth. Besides droughtiness, other con- 
cerns of management are muintenance of fertility and 
organic-matter content and control of erosion, This soil is 
used mainly for and is suited only to pasture. (Capability 
unit VIIs-VS; Very Shallow range site; windbreak group 
10) 


Werner Series 


The Werner series con of shallow, sloping to very 
steep, well-drained, loamy soils on residual uplands. Soft 
bedrock lies at a depth of 7 to 20 inches. 

In o representative profile the surface layer is dark 
grayish-brown loam about @ inches thick. Below this is a 
transitionul layer of friable, prle-brown silt loam about 
6 inches thick. ‘he underlying material, to a depth of 
about 40 inches, is very pale brown silt loam in the upper 
6 inches; very pale brown, fractured, soft siltstone in the 
middle 10 inches; and light ycllowish-brown, soft sand- 
stone in the lower 12 inches. 

Werner soils are low in available water capacily and 
fertility and moderate in organic-matter content. Perme- 
ability is moderate. Rooting is restricted in the wnder- 
lying rock. 

Most of these soils are used for range. The native vegeta- 
tion is mainly upland sedges, little bluestem, western 
wheatgrass, greon necdlegrass, blue gramu, and needle- 
and-thread. The soils are better suited to range than to 
other farm uses. They are suited to native hay in stone- 
and rock-tree areas where slopes are less than 12 percent. 

Representative profile of Werner loam in an area of 
Cabba-Werner complex, very steep, in native grass, 495 
feet east_ and 725 leet north of the southwest corner of 
sec, 26, T. 142 N., R. 85 W. 

A1—0 to 6 inches, dark grayish-brown (L0YR 4/2) loam, very 
dark grayish brown (LOYR 3/2) moist; weak, medium, 
subangular blocky structure sep: ing to weak, 
fine, crumb structure; friable; many many fine 
pores; slightly effervescent; mildly alkaline; gradual, 
wavy boundary. 

cs, pale-brown (LO YR 6/8) silt Joam, yellowish 
brown (LOYR 5/4) moist; weak, medium, prismatic 
structure separating progressively to weak, medium, 
suhangular blocky and weuk, fine, granul br uc 5 
friable; many reots; common fine pores; strongly 
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effervescent; akaline; clear, wavy 
boundar 

Clea—12 to 18 inches, very pale brown (LOYR. 7/3) silt loam, 
pale brown (1OYR 6/8) moist; weak, very thick, 
platy strueture separating to weak, meditm, angular 
blocky; friable; many roots; common fine pores; 
violently efferveseent; few small spots of white lime; 
moderately alkaline; abrupt, wavy beundary. 

C2—18 to 28 inches, very pale brown (IO YR, 7/3), soft, frac. 
tured siltstone, pale brown (1OYR. 6/3) moist; friable; 
few roots in fractures; strongly cffervescent; mod- 
erately alkaline; abrupt, wavy boundary, 

C3—28 ta 60 inches, light ycllowish-brown (OYR 6/4) soft 

detone, dark yellowish brown (1OYR 4/4) moist; 

strongly effervescent; moderately alkaline. 


The Al horizon has « color value of 2 or 3 when moist, and in 
places it is noncalearcous, The Cea horizon has a color hue of 
1OYR, or 2.5Y, value of 6 or 7 when dry and 4 to 6 when moist, 
and chroma of 2 or 8, A few stones and scattered beulders 
are in the A and AG horizons in some places. Texture ranges 
from very fing gandy loam to light clay loam throughout the 
profile but is nly loam ay silt laam. Bedrock is soft, massive 
or platy, fine-grained sandstone, loamstone, siltstone, or loamy 
or clayey shale. These are stratified and interbedded in places. 

Werner sails are associated with Cabba, Cohagen, and Zahl 
soils, They have a darker colored Al horizon than Cabba 
soils, are finer textured than Cohagen soils, and have a soft 
bedrock C horizon that is lacking in Zahl soils. 

The Werner soils in this survey area are mapped anly in 
complexes with Cabba and Sen soils. 


moderately 


Williams Series 


‘The Williams series consists of decp, nearly level to 
steep, well-drained, loamy soils on glacial til] upland 
plains. They are more extensively used for crops than other 
soils in the county. Surface drainage is mainly well de- 
fined but is poorly defined in same of the larger tracts. 
Williams soils have convex and plane slopes. Rounded 
cobblestones, stones, and boulders are common on the 
surface or within the soil profile. 

In a representative profile the surface layer is very dirk 
grayish-brown Joam about 7 inches thick. The subsoil is 
friable clay lonm that extends fo a depth of about 21 
inches. It is brown in the upper part and grayish brown in 
the lower part. The underlying maierial is calcareous 
clay loam glacial till that is pale olive to a depth of about 
27 inches and light brownish gray below that depth. 

Williams soils are high in available water capacity and 
fertility and moderate in organic-matter content. Permea- 
bility is moderate in the subsoil and moderately slow in 
the underlying material. 

Most of these soils are used for crops, mainly small 
grains. Becauso stones are on the surface, cultivation is 
difficult in some places, but the stones are only a nuisance 
in most places. Except in hilly or stony areas, most of these 
soils are suited to all crops commonly grown in the county. 

Representative profile of Williams loam, undulating, in 
a cultivated field, 360 fect south and 90 feet west of the 
northeast corner of sec. 34, I. 142 N., R. 84 W. 

Apl—O to 7 inches, very dark grayish-brown Cav 3/2) 
loam, very dark brawn (1OYR 2/2) moist; weak, 
course, subangular blocky structure separating to 


moderate, medinm, ernmb structure; friable; many 
roots; few pebbles; neutral; abrupt, smooth houmdary. 

B2Lt—7 to 13 inches, brown (1OYR. 5/3) elay loam, dark brown 
QO@YR 3/8) moist; moderate, medium, prismatic 
structure separating to moderate, medium subangular 
blocky structuro; very dark grayish-brown (OY 3/2, 
moist), thin, clay films on faces of prisms and palches 
on blocks; friable; many roots; few pebbles and 
stones; neutral; gradual, wavy boundary. 


B22t—13 to 2) inches, grayish-brown (2.5Y 5/2) clay loam, 
dark grayish brown (2.5¥ 4/2) moist; moderate, 
coarse, prismatic structure separating to strong, 
coarse and medium, angular blocky structure; very 
dark grayish-brown (2.5 Y 3/2, moist) clay films on 
faces af blocks; friable; common roots; few pebbles and 
stones: mildly alkaline; clear, wavy boundary. 

Clea—21 to 48 inches, light yellowish-brown (2.5Y 6/8) clay 
loam, olive-brown (2.5Y 4/3) moist; weak, coarse 

and medium, subangulae bloeky struenure; thin, 

tehy, lay films on faces of blocks in upper part; 

able; few pebbles aad cobblestones; violently ef- 
fervescent; many spots of lime; moderately alkaline; 
diffuse boundary. 

C2—48 to GO inches, light brownish-gray (2.5 Y 6/2) clay loam, 
dark grayish brown (2.5Y 4/2} moist; weak, medium 
and fine, blocky structure; friable, few pebbles and 
ecbblestones; strongly effervescent; common spots of 
lime; moderately alkaline. 


"The Al horizon is mainly loam, but in places it is silt loam 
or fine sandy loam. Tt has a color value of 3 or 4 when d In 
some places the B22t horizon has a hue of 10YR. The B hori- 
zon has a value of 4 or § when dry and 3 or 4 when moist and 
a ehroma of 2 or 3. The B2t horizon ranges from 7 to 1¢ inches: 
in thickness. [i has a madernte or slrong, medium or coarse, 
prismatic structure that separates to moderate or strong, 
medium or fine, angular or subangular blocky. Clay films are 
thin, distinet, and continuous on most faces of peds. Where 
these soils are under native sod, prismatic structure extends 
upward inta the Al horizon. The B2t horizon is clay loam or 
loam that is 24 to 35 percent clay, The C horizon has a color 
value of 4 to 7 and ehroma of 2 to 4. Ib ig friable or firm elsy 
loam to loam. The Clea horizon has much diffused lime and 
few to many spots of Lime. In places the till C horizon is multi- 
eolored white, olive, brown, and grayish brown, Distributed 
randomly throughaut the profile is 1 to 10 percent pebbles and 
stones. Fragments of lignite, limonite and scoria are in and be~ 
low the B22 horizon. 

Williams soils are associated with Zabl, Tonka, and Parnell 
soils. Williams soils have a thicker solum than Zahl soils and 
they have a B horizon, which is lacking in Zahl soils. Williams 
soils are better drained and have a thinner solum and a coarser 
textured B horizon than Touka aad Parnell soils 

Williams loam, nearly level (0 fo 3 percent slopes) 
(WIA).—This soil has slightly undulating to plane slopes. 
It is mainly in 3- to 80-ncre tracts. 

The profile of this soil is similar to that described as 
yepresentetive for the series, except that the surface layer 
is silt loam in places im the northeastern part of the 
county, Runoff is slow. 

Included in mapping were small arens of Arnegard loam 
and ‘Tonka and Parnell silt loams. A few small areas of 
Tomvik, Sen, and Livona soils were also included. 

This soil is slightly susceptible to soil blowing. Lt is 
used mainly for small grains, corn, and alfalfa, It is well 
suited to all crops commonly grown in the county. (Cap- 
ability unit IIe-6; Silby range site; windbreak group 3) 

Williams loam, undulating (8 to 6 percent slopes) 
(WIB).—Phis soil is mainly in 3- to 150-acre tracts. It. 
the profile described as representative for the series 
places in the northeastern part of the county, the surf 
ayor is silt loam instead of loam, Runoff is medium. 
Included in mapping were small areas of Arnegard loum 
and Tonka and Parnell silt loams, and some small axcas. 
of Temvik, Sen, Livona, Williams, and Zhi soils. A few 
eroded areas where the browner subsoil has been exposed 
and plowed were also included. 


This soil is slightly susceptible to soil blowing and 
moderately susceptible to water erosion. It is used mainly 
for small grains, corn, and wfalfa, Many small tracts ure 
used for native pasture. This soil is fairly well suited to- 
corm and well suited to all other crops commonly grown: 
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in the county, (Capability unit Te-6; Silly range site; 
windbreak group 3) 

Williams loam, rolling (6 to 9 percent slopes) 
(WIC).—This soil is mainly in 3- to 100-acre tracts. The 
profile of this soil is similar to that described as representa- 
tive for the series, except that the combined thickness of 
the surface layer and subsoil averages about 6 inches less, 
and in a few places in the northeastern part of the county, 
the surface layer is silt loam instead of loam. Runoff is 
medium to moderately rapid. 

Included with this soil in mapping were small areas of 
Arnogard Joam, Tonka and Parnell silt loams, and Sen 
and Vebar soils. Also included were small arcas of Zahl 
soils and croded aveas where the browner subsoil has been 
exposed anc plowed. 

‘This soil is slightly susceptible to soil blowing and very 
susceptible to water erosion. If is used mainly for small 
grains and grass. It is well suited to grasses and legumes, 
fairly well suited to small grains, and poorly suited to 
corn, Control of water erosion is necessary in fields where 
row crops are grown. (Capability unit TTe-6; Silty range 
sile; windbreak group 3) 

Williams stony loam, rolling (2 to 9 percent slopes) 
(WmC),—This mapping unit sists of small tracts of 
stony Williams loam and intervening areas of Willinms 
loam that are relatively tree of stones. In some areas, the 
soil is undulating to nearly Jevel, 

The soil has a profile similar to that described as 
representative for the series, except that the combined 
thickness of the surface layer and subsoil averages about 
4 inches less. Stones, cobblestones, and boulders cover 
about 10 percent of the soil surface, and more than 50 
percent of these coarse fragments are larger than 10 
inches in diameter. The stones are mostly glacial and 
granitic. Runoff is mediam to moderately rapid. 

The clearing of stones has not been economically 
feasible for the farmers, but many areas have been ¢ 
by contractors who use the stones for construction. 
This soil is suited to and used for pasture. Cleared arcas 
are suited to most crops grown in the county. (Capability 
unit VITs—Si if uneleared, or I[Tc-6 if cleared; Silty range 
site; windbreak group 10) 

Williams-Flaxion loams, rolling (6 to 9 percent slopes) 
(WnC),—This complex consists of well-drained, deep, 
friab ils that formed in loamy glacial till, in loamy, 
wind-laid deposits, and in the underlying glacial till 
Williams loam makes up about 45 percent of the complex, 
Flaxton loam 30 percent, and Livone loam 20 percent. 

The Williams soil has a profile similar to that desoribed 
as representative for the series, except that the combined 
thickness of the surface layer and subsoil averages about 
6 inches. The Flaxton soil has a profile similar to that 
described os representative of its series, except that the 
surface layer is loam about 10 inches thick. ‘The Livona 
soil in this complex has a profile similar to that described 
as representative for its series except that it has a surface 
layer of loam about 8 inches thick. Runoff is medium. 
Small areas of Parshall, Arncgard, and Tonka soils were 
included in mapping. 

About half the screage is cultivated. The soils are 
moderately susceptible to soil blowing and very susceptible 
to water erosion. Water erosion is more severe in cultivated 
drainageways than in other areas. 

These soils are used. mainly for grass and small grains. 
They are well suited to grasses and legumes, fuirly well 


suited to small grains, and poorly suited to corn. (Capa- 
bility unit TlTe-5; Williams part in Silty range site, and 
Flaxton part in Sandy range site; Williams part in wind- 
break group 3, and Flaxton part in windbreak group 5) 

Williams-Zah? loams, hilly (9 to 12 pereent slopes) 
(WzD),—This complex consists of deep, well-drained soils 
that have a moderately thick solum or a thin solum. These 
soils formed in glacial till, They are mainly in 3- to 50-acra 
tracts on uplands. Williams loam makes up about 70 per- 
eent of the complex, and Zahl loam 20 percent. 

The Williams soil has a profile similar to that described 
as representative for the si , except that the combined 
thickness of the surface layer and subsoil is about 6 inches 
less. Runoff is rapid. 

Included im mapping wore small areas of Arnegard loam, 
Tonka and Parnell silt loems and Williams loam that has 
a 7- to 10-inch solum. Also included were a few small areas 
of Sen, Werner, and Cabba Joams and a few eroded areas 
where the browner subsoil and grayer underlying material 
have been expased and plowed. 

This complex is slightly susceptible to soil blowing and 
extromely susceptible to water erosion, It is used mainly 
for grass and small grains. It is well suited to grass and 
fairly well suited to legumes, but its use for crops is mar- 
ginal. Corn cannot be grown without excessive losses of 
soil. (Capability unit [Ve-6; Williams part in Silty range 
site, and Zahl part in Thin Upland range site; Williams 
part in windbreak group 8, and Zahl part in windbreak 
group 8). 


Zah} Series 


The Zabl series consists ol deep, hilly to steep, well- 
drained, calcareous, loamy soils that have a thin solum. 
They formed in glacial Will. They occupy the tops and 
crests of ridges on upland plains, and valley side slopes. 
Surface drainage is mainly well defined, but it is poorly 
defined in the larger tracts on upland plains. Rounded 
cobblestones, stones, and boulders are common on the 
surface and within the soil profile. 

Tn a representative profile the surface layer is very dark 
grayish-brown loam about 6 inches thick. The underlying 
material is friable, light brownish-gray, mottled clay loam 
to a depth of 36 inches. Below this it is mottled, multi- 
colored, light yellowish and light olive-brown clay loam 
glacial till. 

Zab) soils are high in available wator capacity, moder- 
ate in organic-mattor content, and low in fertility. Permea- 
bility is moderately slow. In some places stones and 
boulders make these soils unsuitable for hay. Zahl soils 
are used mainly for native pasture. They are too shallow, 
and most of them are too steep to be suited to crops. 


Representative profile of Zah] loam in an aren of Zahl- 
Williams looms, hilly, in native grass, 130 feet north and 
660 feet west of the southwest corner of sec. 26, T. 148 N., 
R. 82 W. 


A1—O to 6 inches, very dark grayish-brown 
very dark brown (OY 2/2) moist; weak, medium, 
subangular blocky structure separating to weak, 
medium, crumb structure; slightly hard, friable; 
slightly effervescent; tongues from this horizon extend 
about 5 inches into the Clea horizon; mildly aikaline; 


(OYR 3/2) loam, 


clear, irregular boundary. 

Clea—6 to 36 inches, light brownish-grny (2.5Y 6/2) clay 
loam, dark grayish brown (2.5Y 4/2) moist; many 
coarse, distinct, gray (SY 6/1, moist) and common, 
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medium, prominent, red @.5YR 4/6, moist) mottles; 
very werk, c prisimali¢ structure separating 
easily to moderate, canrse, subargular blocky strud- 
gure; hard, friable; viclently cMervescent; many dis- 
tinct, white, soft nodules and threads of lime; moder- 
ately alkaline; diffuse pounaery 

C2—86 to 60 inches, multicclored clay loam glacial till, domi- 
nantly light yellowish brown (2.5¥ 6/4) und light 
olive brawn (2.5¥ 5/3); gray aud light gray (6Y¥ 6/1 
anid 7/1, moist) motiles and streaks; common, medium, 
prominent, red (2.5YR 4/6, moist) mottles; laminar 
atructure separating to irregular subangular blocky 
structure; strongly effervescent; common, distinct, 
white nodules and threads of lime; moderately alkaline, 

The Al horizon ranges from loam to clay laam or gravelly 
lonum in texture and from 4 to 8 inches in thickness. It is very 
dark grayish brown (LO¥R 8/2) when moist and dark grayish 
brown (O¥R 4/2) when dry in some places. A thin, transi- 
tional AC horizon lies directly under the Al horizon in places. 
The AC horizon is dark grayish brown (2.5 Y 4/2) when moist 
and gryish brown (2.5 ¥ 5/2) when dry. The till ranges from 2 
to more than 10 feet in thickness, Material heneath the till is 
mainly weathered lonmy shale. There are thin layers of dirty 
gravel and sand below the Al horizon in a few places. The 
horizon hag much diffused lime in addition to segregated lime 
in most places. Pebbles and stones are scattered throughout. 
They make up 1 to 10 percent of the profile. 

Zahl soils are associated with Williams and ‘Temvik soils. 
They have a thinncr solum and more lime in the profile than 
Williams soils, Zaht soils have a thirmer solum that contains 
less sili and more lime in the profile than Temvik soils. 


Zahl- Williams loams, hilly (9 to 15 percent slopes) 
(ZaD),—This complex consists of deep, well-drained soils 
that have o thin or moderately thick solum, Thess soils 
formed in glacial till on uplands. The complex is mainly 
in 5- to 50-acre tracts and has slopes 25 to 300 feet long. 
Zahl loam makes up about 45 percent of the complex, and 
Williams loam 45 porcent. 

The Zahl soil has the profile described as representative 
of the series. The Williams soil has a profile similar Co 
that described as representative for its series, except tha 
the combined thickness of the surface layer and subsoil 
averages about 6 inches less, and in 1 few places the 
surface layer is clay loam or gravelly loam, Runoff is rapid. 

Included with these soils in mapping were swall areas of 
Arnegard, Tonka, Parnel) soils, and Williams soils, in 
which the combined thickness of the surface layer and 
subsoil is 7 to 10 inches. Also included were some areas of 
stony Zuhl anc Williams soils, small areas of Temvilk, 
Werner, Gabba and Wabek soils, and a few eroded spots 
where the plow layer is the light-colored tall underlying 
material. 

The main concerns of management are excessive runoff 
and the hazard of water erosion. Soils of this complex are 
used mainly for pasture. They are suited to pasture, and 
the more gently sloping, more stonc-free soils are suited to 
hay. These soils are not suited to crops. (Capability unit 
Vie-TU; Zahl part in Thin Upland range site, and 
Williams part-in, Silty range site; Zahl part in windbreak 
group 8, and Williams part in windbreak group 3) 

Zahl-Williams loams, steep (15 to 40 percent slopes) 
(ZaE).—This complex consists of deep, well-drained soils 
that have a thin or moderately thick solum. These soils 
formed in glacial till on uplands. This complex is mainly 
in 20- to 80-aere tracts and has slopes 25 to 300 feet 
long. Zahl loam mokes up about 65 percent of the com- 
plex, and Willinms loam 25 percent. 

The Williams soil has a profile similar to that described 
as representative for its series, except that the solurn 
averages aboit 6 inches thinner and im a few places the 
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surface lnyer is clay loam or gravelly loam. Runoff is 
rapid to very rapid. 

Included ‘with these soils in mapping were arens of 
Williams soil, in which the thickness of the combined 
surface layer and subsoil is 7 to 10 inches, and areas of 
Arnegard, Tonka and Parnell soils. Also included were 
some areas of stony Zahl and Williams soils, small areas 
of Werner, Cabba, Wabel, and Cohagen soils, and a few 
eroded spots where the plow layer is the light-colored till 
underlying material. 

The main concerns of management are excessive runoff 
und the severe hazard of water erosion. ‘The soils of this 
complex are used mainly for pasture. They are better 
suited to pasture than to most other farm uses, but in a 
few places there are small, stone-free, more gently sloping 
areas that are suited to hay. In steep and shallow areas, 
the soils are not suited to crops. (Capability unit VITe~TU; 
Zab) part in Thin Upland range site, and Williams part 
in Silty range site; Zalil part in windbreak group 8, and 
Williams part in windbreak group 3) 


Use and Management of the Soils 


This section discusses the management of dryland and 
irrigated soils in Oliver County and explains the capability 
grouping used by the Soil Conservation Service. Estimated 
yields of the principal crops are given. Also discussed are 
Management of the soils for range, woodland and wind- 
breaks, and wildlife habitat. The degree and kinds of 
limitations that affect recreational use and the properties 
and features that affect engincering practices are enu- 
merated, mainly in tables. 


Management for Crops 


The main considerat ons m managing the soils in this 
survey area for crops are moisture conservation, erosion 
contro], and fertility maintenance. Other important con- 
cers on some soils in the area are salinity, poor tilth, 
excessive wetness, and a restrictive subsoil or substratum. 

Most soils of the area are suitable for cultivation, but 
conservation of moisture is essentia!. Exceptions are those 
soils that are excessively wet because they are ponded or 
have « high water table. In dry farming, practices are 
needed that prevent excessive evaporation, slow runoff, 
increase moisture infiltration, and prevent excessive use 0 
moisture by plants. 

Control of soil blowmg and water erosion are also im- 
portant in managing soils. Susceptibility to erosion varies 
with length of slope and steepness, texture of the surface 
layer, permeability of the soil, and plant cover. Most of 
the practices useful in controlling erosion also help to con- 
sorve moisture. Among these practices are crop residue 
management, stubble-mulch tillage, siripcropping, field 
windbreaks, cover crops, buffer strips, contour tillage, 
grassed waterways, and the use of minimum, timely, or 
emergency tillage. Generally, a combination of erosion- 
control practices is used. 

Fertility maintenance consists of keeping an adequate 
level of organic material and nutrients in the soil, This is 
done by including legumes:and grasses in the crop rotation, 
conserving crop residue, and applying commercial fer- 
tilizer and barnyard manure. Nitrogen and phosphate 
fertilizers should be applied according to the results of 
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soil tesis. Controlling erosion is also important in main- 
taining fertility. Maintenance of good tilth depends mainly 
on adding sufficient residue and keeping tillage to a 
minimum. 


Management of Soils for Irrigation 


In this section the only soils considered are those that 
have some characteristics that make them suitable for 
irrigation and that are in areas where adequate sources of 
irrigation water arc known, In this county, they are most 
of the soils on bottom lands and terraces along the 
Missouri River. Among them are soils of the Arnegard, 
Banks, Grassna, Havrelon, Lallie, Lehr, Lohler, Mandan, 
Savage, Stady, Straw, Temvik, and Trembles series. The 
soils now irrigated are mainly on bottom lands, but most 
of the soils on terraces have a better potential for crops 
than those on betiom lands and need onty minimum 
management to maintain fertility 

Adequate water is available from the Missouri River or 
from wells. Most of the aren is underlain by a thick 
gravel aquifer, and some wells have a lift of less than 100 
feet. Wells are more economically competitive on the 
terraces where the lift and distance from the river are 
greater. Water is pumped from the Missouri River and is 
delivered through gravity systems, but sprinkler irri- 
gation is more suitable than a gravity syslem on soils that 
are sloping, that have a substratum or gravel, or that are 
difficult to drain, 

Table 2 shows, for each listed soil, the suitability for 
two systems of irrigation, the limitations, if any, and 
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management coneerns. Not listed are soils that are not 
suited to irrigation or that are less than 150 acres in extent. 
In the section “Engineering Uses of the Soils,” table 7 
gives the soil features affecting irrigation for all series 
mapped in the county, 

Tn rating the suitability of asoil for a system of irrigation, 
good indicates that there are few, if any, limitations or 
Management concerns; fair indicates that there are 
moderate limitations or management concerns that require 
special management; poor indicates that there are severe 
limitations oy management concerns that require intensive 
management; and unsuitable indicates that there are very 
severe limitations or management concerns that make 
irrigation not a suitable practice. 

Capability grouping 

Capability grouping shows, in a general way, the suita- 
bility of soils for most kinds of field crops. The soils are 
grouped according to their limitations when used for field 
crops, the risk of damage when they ure so used, and the 
way they respond to treatment. The grouping does not 
take into account major and generally expensive land- 
forming that would change slope, depth, or other char- 
acteristics of the soils; does not take into consideration 
possible but unlikely major reclamation projects; and 
does not apply to rice, cranberries, horticultural crops, or 
other crops requiring special management, 

Those Familiar with capability classification can infer 
from it much about the behavior of soils when used. for 
other purposes, but this classification is not a substitute 
for interpretations designed to show suitability and limita- 


TARLE 2.—Suitadility of specified soils for irrigation 


7 
Suitability for— 
Soil os Limitations Management coacerns 
Gravity: Sprinkler 
irrigation ‘ireigation 

Arnegard loam, nearly Good. _.--- Good_._-_-| All features favorable _--| Slight soi] blowing. 
level, 

Arnegard loam, gently Fair _---| Good .____-} All features favorable. ___._----~------ Slight soil blowing. For gravity irriga- 
sloping. tion only: slight water erosion. 

Banks fine sand, rolling -_| Poor to Fair to Rough topography; loose sand; rapid | Soil blowing; water erasion; fertility; 

unsuit- poor, infiltration; low available water ca- water loss through percolation. For 
able, pacity. For gravity irrigation only: gravity irrigation only: water loss 
unstable ditchbanks, through ditches. 

Banks soils, gently un- Poor to Fair._.--_-} Loose sand in subsvil and substratum: { Soil blowing; fertility; water loss 
dulating. fair. rapid infiltration; low available water | through percolation, For gravity irri- 

capacity. For gravity irrigation only gation only: water erosion; w:ter 
undulating topography; unstable | loss through ditches. 
ditehbanks, | 

Banks-Trembles fine Fair to Fair ..._--| Loose sand in subsoil and substratum; | Sail blowing; fertility; water loss 
sandy leais, nearly poor, rapid infiltration; low to_ moderate through percolation. For gravity 
level. available water capacity. For gravity ivrigation only: water loss through 

irrigation only: slightly undulating ditches. 
topography; unstable ditehbanks. 

Banks-Trembles fine Poor__._.-.} Fair._-.-_.] Loose sand in subsoil and substratum; | Soil blowing; fertility; water loss 
sandy loams, undulat- rapid infiltration; low to moderate hrough percolation. For gravity 
ing. available water eapacity. For gravity irrigation only: water erosion; water 

irrigation only: undulating topog- loss through ditches, 
raphy; unstable ditchbanks. 

Grassna silt loam, All foatures favorable. Slight soil blowing. 
nearly level. 

Hayrelon loam.-----~---- Good. ._---| Good--..-. For gravity irrigation only: areas of | Fertility; soil blowing. 

undulating topography. 
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TaBLe 2.—Suttability of specified soils for iri 
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igation—Continued 


Soil 


Suitability for— 


Gravity 
irrigation 


Limitations 


Management concerns 


Havrelon silty clay loam. 


THavrelon silty clay. ..--- 
Tavrelon-Trembles fine 
sandy loams. | 


Lallie siliy clay ..--.---- 
Lallic silty clay, very wet_ 
Lohler silty clay_..------ 


Mandan silt loam, 
neatly level. 
Mandan silt loam, 
gently sloping. 
Mandan silt loam, 
gravelly substratum, 
nearly level. 
Mandan silt loam, 
gravelly substratum, 
gently sloping. 
Savage silty clay 
nearly level. 


foam 


, 


Stady-Lebr loans, 
sloping. 


Straw Jouwm, nearly level _ 


Temvik silt loam, nearly 
lev 
Temvik-Williams silt 
loams, undulating. 


Good. ..--- 


Poor to 


Fair 


Pals ncsecs 


Unsuit- 
able. 


Good... 
Fair to 


poor. 
Poor. oss 


Good to 
fair. 


Pair to 
unsuit- 


Poir____.__| 


Good - 


Poitessaccg 


FAP. o2--24 


Areas of loose sand in subsoil and sub- 
stratum ; areas of low available water 
capacity; moderately slow infiltra- 
tion into surface layer, 

Slow infiltration into surface layer-____ 


Trembles soils have moderate avail- 
able water capacity and moderately 
rapid infiltration. For gravity irri- 
gation only: undulating arcas. 

Poor drainage; moderately slow to 
slow permeability. 


Very poor drainage; moderately slow 
to slow permeability. 


Moderately slow permeability; areas of 


poor drainage. 


For gravity irrigation only: slightly 
undulating topography. 
For gravity irrigation only: stcep soits__| 


For gravity irrigation only: slightly 
undulating soils. 


For gravity irrigation only: steep soils __ 


Moderately slow permeability; areas 
that have salts in substratum. 


Steep soils. Lehr soils have low avail- 
able water capacity; rooting zone 
thin in cut areas, 

Small field size because the interval be- 
tween benches is short. | 

Moderately slow permeability in under- | 
lying material. 

Moderutely slow permeability in under- 
lying material. 


Soil blowing; fertility; areas of water 
loss through percolation; muintenance 
of soil filth. 


y; maintenince of soil 
ht soil blowing. 


lity; soil blowing. 


Fert tilth; 


Fortility; waterlogging; accumulation of 
salts; soil blowing: maintenance of 
soil tilth. 

Fertility; waterlogging; aceumuilation of 
salts; soil blowing; msintenanee of 
soil tilth. 

Fertility; waterlogging; accumulation of 
salts; soil blowing; maintenunce of 
soil tilth, 

Soil blowing. 


Soil blowing. For gravity irrigation 
only: water erosion, 
Sail blowing. 


Soil blowing. For gravity irrigation 
only: water erasion, 


Waterlogging; maintenance of soil tilth. 
‘or gravity irrigation only: accumu- 
lation of salis. 
Fertility; soil blowing; water erosion. 


Soil blowing; flood hazard. 


Soil blowing, For gravity irrigation only: 
aeoumulation of salts; waterlogging. 
Soil blowing. For gravity irrigation only: 
ater erosion; waterlogging; accumu- 

n of salts. 


tions of groups of soils for range, forest trees, or ongincer- 


ing 


levels: 


In the capability system, the soils are grouped at three 
the capability class, subclass, and unit. These are 


discussed in the following paragraphs. 


Capaniniry Cuasses, the broadest groups, are dosig- 
nated by Roman numerals I through VILL. The numerals 
indicate progressively greatcr limitations and narrower 


choices for practical use, defined as follows: 


Class I soils have fow limitations that restrict their 
use. (There are no Class I soils in Oliver County.) 
Class IT soils have moderate limitations that reduce 
the choice of plants or that require moderate 


conservation practices. 


Class IIT soils have severe limitations that reduce 
the choice of plants, require special conservation 


practices, or both. 


Class IV soils have very severe limitations that 
reduce the choice of plants, require very careful 


management, or both, 


their use 


Class VI soils 


Class VII soils 


their use 


water supply, 


Class V soils are not likely to erode but have other 
limitations, impractical to remove, that limit 

argely to pasture, range, woodland, or 

wildlife habitat. 

ave severe limitations that make them 

generally unsuited to cultivation and limit their 

use largely to pasture, range, woodland, or 

wildlife habitat. 

have very severe limitations that make 

them unsuited to cultivation and that restrict 

argely to pasture, range, woodland, or 
wildlife habitat. 

Class VIII soils and landforms have limitations that 
preclude their use for commercial plants and 
restrict their use to recreation, wildlife habitat, 


or to esthetic purposes. 


Cavanmity Susciasses are soil groups within one 
class; they are designated by adding a small letter, 
or ¢, to the class numeral, for example, Ile. The letter e 


f, W, 8, 


shows that the main limitation is risk of erosion unless 
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close-growing plant cover is maintained; w shows that 
water in or on the soil interferes with plant growth or 
cultivation Gn some soils the wetness can be partly 
corrected by artificial drainage); ¢ shows that the soil is 
limited mainly because it is shallow, droughty, or stony; 
and 6, used in only some parts of the United States, shows 
that the chief limitation is climate that is too cold or 
too dry. 

Tn class I there are no subclasses, because the soils of 
this class have few limitations. Class V can contain, at the 
most, orly the subclasses indicated by w, s, and ¢, because 
the soils in class V are subject to little or no erosion, 
though they have other Jimitations that restrict their usc 
largely to pasture, range, woodland, wildlife habitat, or 
recreation, 

Capanmiry Unrrs are soil groups within the subclasses. 
The soils in one capability unit are enough alike to be 
suited to the same crops and pasture plants, to require 
similar management, and to have sirailar productivity and 
other responses to management. ‘Thus, the capability unit 
is a convenicnt grouping for making many statements 
about management of soils. Capability units are generally 
designated by adding on Arabic numeral to the subclass 
symbol, for example, [le—-6 or I1Is-6. Thus, m one symbol, 
the Roman numeral designates the capability class, or 
degree of limitation; the small letter indicates the sub- 
class, or kind of limitation, as defined im the foregoing 
paragraph; and the Arabic numeral specifically identifies 
the capability wnit within cach subclass. Arabic numerals 
are also used. to indicate the susceptibility to wind erosion, 
ranging from 2, which is very high, to 7, which is slight. 
‘The letter P indicates the presence of a sodic claypan in 
he subsoil, the letter L indicates that the soil is cal- 
careous, and the letter M indicates soils that have upper 
lnyers of fine sandy loam and a substratum of clay lonm. 
Followig the subclass designation in capability units in 
classes V, WI, and VII is an abbreviation of the name of 
in range site in which the soils of the unit have been 
placed. 


ct 


Management by capability units 


In the following pages each of the capability units in 
Oliver County is deseribed, and suggestions for use and 
management are given. The units are not numbered 
consecutively because not all of the units in tho state-wide 
system are represented im this county. The names of the 
soi] serics represented are mentioned in the description of 
each unit, but this does not mean that all the soils of a 
given series are in the unit. The capability designation for 
each soil in the county can be found in tho “Guide to 
Mapping Units.” 


CAPABILITY UNIT Ile-5 


This unit consists of deep and moderately ceep, nearly 
level to gently sloping and undulating, well-drained soils 
of the Flaxton, Linton, Mandan, Parshull, Tnlly, Vebar, 
anc Williams series. These soils have o surface layer of 
coarse-toxtured loam or silt loam, Fertility, organie- 
matter content, and available water capacity are high to 
moderate, Permeubility generally is moderate and mod- 
erately rapid, but the Tlaxton and Williams soils have 
moderately slow permeability in the underlying material, 
and some Mandan soils have very rapid permeability at 
depths between 40 and 60 inches. Most precipitation 
enters the nearly level soil, but there is some runoff on 
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the gently sloping and undulating soils. Water erosion 
is a slight hazard, and soil blowing is a moderate hazard. 

Soils in this unié are easily worked and penctrated by 
plant roots. Stubble mulching, crop residue management, 
striperopping, and windbresk planting are the maim 
practices used, to control evasion. Grassed waterways 
are needed in long drainageways and in the shorter 
drainageways that have fan-shaped watersheds. Most 
gullies form on soils that have slopes greater than 3 
percent. 

These soils are well suited to crops.commouly grown 
in the county. They are used mainly for small grains, 
alfalfa, and corn. 


CAPABILITY UNIT Ie-6 


This unit consists of deep and moderately deep, gently 
sloping or undulating, well-drained soils of the Amor, 
Arnegard, Farland, Grail, Grassna, Morton, Sen, ‘Temvik, 
and Williams series. These soils have a surface jayer of 
loam or silt loam. Fertility and the organic-matter content 
are high to moderate. The available wnter capacity is 
generally high, but the Amor soils have moderate available 
water capacity. Permeability generally is moderate, but 
the Grail, Temvik, and Williams soils have moderately 
slow permeability in some layers below the surface layer. 
A considerable amount of water runs off the soils in this 
unit during periods of heavy rains, and a few areas of 
these soils are croded. Water erosion is » moderate hazard, 
and soil blowing « slight hazard. 

Soils in. this unit. are easily worked, Good tilth is not 
difficult, to mnintain, except in. eroded spots. Stubble 
mulching, crop residue management, and stripcropping 
are the main practices used to control crosion. On the longer 
slopes, measures should be more intensive or use of 
row crops should be limited. Grassecd waterways are 
needed im long drainageways and in the shorter drain- 
ageways that have fan-shaped watersheds. 

These soils sre well suited to small grains, alfalfa, 
and grasses and ave fairly well suited to corn. They are 
used mainly for small grains, corn, and alfalfa. 


CAPABILITY UNIT Le-7 

This wnit consists of deep and moderately deep, gently 
sloping, well-drained soils of Lhe Grail and Regent sevies. 
These soils have a surface layer of silty clay loam. Fertility 
and the available water capacity ave high, and the organic- 
matter content is high to moderate. Permeability is slow 
and moderately slow. Consequently, consideruble water 
runs off these soils during periods of heavy rains and a 
few areas are eroded. Water erosion is a moderate hazard. 
These soils are more resistant to soil blowing than most 
other soils in. the county. : 

Difficulty in maintaining soil tilth is a concern but is 
not so critical as on clayey soils. Stubble mulching, crop 
residue managoment, and stripcropping are the main 
practices used lo control erosion. On Jong slopes, such 
practices as contour stripcropping and the use of diversions 
and grassed waterways are needed, or the use of row 
crops should be limited. : 

These soils are well suited to grasses, small grains, and 
alfalfa, and fairly well suited to corn. They are used 
mainly for small grains and alfalfa. 


CAPABILITY UNUE Iw-4 


This unit consists only of ditched and drained areas of 
Lallie silty clay. This soil is deep, nearly level, and poorly 
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drained. Fertility and the available water capacity are 
moderate, the organic-mutter content is low, and permea- 
bility is slow. Heavy rains euise shallow ponding for 
periods of several hours to « day or tao. Soil blowing is 0 

azard early in spring, alter the soil has granulated during 
the winter. 

Power requirements for tilling this soi] are high, and 
tilth is difficult to maintain, Drainage ditches need main- 
tenance to keep ponding to a minimum during the growing 
season. Short periods of spring flooding are beneficial to 
crops. Optimam content of soil mois is necessary at 
time of tillage to prevent cloddiness or puddling and 
crusting. Stubble mulching and crop residue management 
are the main practices used to control soil blowing, Fer- 
tilization and addition of crop residue build up orgenic- 
matter content and fertility. 

‘This soil is suited to small grains, alfalfa, and grass and 
poorly suited to corn. It is used mainly for grass and 
alfalfa hay. 

Undrained areas of Lalhie silty clay are in capability 
unit IVw-4. 


CAPABILITY UNIT Iw-tT. 


This unit consists only of drained areas of Colvin ond 
Regan silt loans. These soils are deep, nearly level, und, 
in their natural state, poorly drained. Fertility is moderate, 
and the orgunic-matter content and available water ca- 
pacity are high, Permeahility is moderate. Soil blowing 
is a hazard, because of the high lime content of these soils. 
Because the water table is excessively high and should 
be lowered during the growing scason, drainsge ditches 
are needed and showld be maintained. Lime causes these 
soils to slake down after they have been tilled and have 
dried. Stubble mulching and crop residue management 
are the mait. practices used to control soil blowing, 
These soils arc well suited to grass and alfalfa and fairly 
well suited to small grains and corn. They are used mainly 
for perennial hay and small grains, 

Undrained areas of Colvin and Regan silt loams are 
in capability unit IVw-4h. 


CAPABILITY UNIT Tw-5 


This unit consists only of drained areas of Tonka and 
Parnell silt loams. ‘These soils are deep, nearly level, and, 
in their naturnl state, poorly drained to very poorly 
drained. In some places, the Parnell soil in this unit is 
in. small depressions within larger areas of the Tonka soil. 
Fertility is moderate to high, and the organic-metter 
content and available water capacity are high. Permea- 
bility is slow. During heavy rains, shallow ponding lasts 
for periods of several hours to a day or two. Soil blowing 
is w slight hazard. 

These soils are easily worked, and tilth is casily main- 
tained, Stubble mulching and crop residue management 
are the main practices used to control soil blowing. Be- 
cause the soil is ponded daring the growing season, drain- 
aga ditches are needed and should be maintained to keep 
the wetness to 2 minimum. Control of ditches that allows 
short periods of spring flooding is beneficial to erops. 

These soils are well suited to grass and alfalfa and fairly 
well snited to small grains and corn. They are used mainly 
for grass, alfalfa, and small grains. 

Undrained areas of Tonka and Parnell silt loams are in 


capability unit Vw-6. 
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CAPABILITY UNIT Ts-1 

This unit consists of deep, nearly level, moderately 
well drained to well-drained soils of Lohler, Havrelon, 
and Lawther series. These soils have a surface layer of 
silty clay. Fertility is moderate, the organic-matter 
content is low, but the Lawther soil has high fertility and 
organic-matter content. The available water capacity is 
high. Permeability in some layers below the surface layer 
is slow and moderately slow, except in the Havrelon soil, 
which has moderate permeability below the clayey surface 
layer. Runoff is medium during heavy rains in areas 
where the Lawther soil has long slopes. Soil blowing is x 
hazard carly in spring, after the soils have become granu- 
lated during the winter. 

For those soils tillage power requirements are high and 
soil tilth is difficult lo maintain. Optimum content of 
soll moisture is necessary at: the time of tillage, especially 
for seedbed preparation, to prevent puddling and crusting 
when wet and cloddiness when dry. Stubble mulching 
and crop residue managing are the main practices used to 
control soil blowing. On long slepes, cross-slope culti- 
vation and grassed waterways help to control water 
erosion. More intensive management is needed in main- 
taining fertility and using crop residues on the Havrelon 
and Lohler soils than on the Lawther soil. 

These soils are suited to and used for all crops, except 
com, commonly grown in the county. They are poorly 
suited. to cern. 


CAPABILITY UNIT Ils-6P 


This unit consists of complexes of deep and moderately 
deep, nearly level, well-drained soils of the Belfield, 
Morton, aad Straw series. ‘These soils have a surlace 
layer of loam or silt loam. The available water capacity 
is high, and fertility and the organie-matter content are 
high to moderate, Permeability is moderate, except in 
the Belfield soils, which have moderately slow permea- 
bility. Runoff is medium during heavy rains in arens 
where the Belfield-Morton soil coniplex has long slopes 
but slow in other areas. Soil blowing is a slight hazard 

Belfield soils have a claypan that moderately re ts 
the penetration of roots and moisture. Use of deep- 
rooted legumes, manure, and crop residues improves 
claypan penetration. Stubble mulching and crop residue 
management are the main practices used to control soil 
blowing. On Jong slopes, cross-slope cul tivation and grassed. 
waterways help control water erosion, 

Soils in this unit are well suited to small grains and 
grasses, but are not as well suited to corn, and legumes 
because of the claypan. They are used mainly for small 
grains, corn, and alfalfa. 


CAPABILITY UNIT Lic-6 


This unit consists of deep and moderately deep, nearly 
level, well-drained soils of the Amor, Arnegard, Farland, 
Grail, Grassna, Havrelon, Morton, Sen, Straw, Temvik, 
and Williams series, These soils have a surlace layer of 
Jonm or sill loam. Fertility is moderate to high. The 
organic-matter content is generally high to moderate, 
but the Havrelon soil has low organic-matter content. 
The available water capacity is generally high, but the 
Amor soil has moderate available water capacity. Permen- 
bility is moderate, but the Grail, Temvik, and Williams 
soils have moderately slow permeability in some layers 
below the surface layer. Soil blowing is a slight hazard. 
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Soils in this unit are easy to work. Stubble mulching 
and crop-residue management are the main practices 
used to contro] soil blowing. More intensive management 
in maintaining fertility and using crop residue is needed 
ou the Havrelon soi! than on other soils in this unit. 
Crop production is limited mainly by moisture supply, 
wind velocity, and temperature during the growing 
season. 

‘These soils are well suited to all crops commonly grown 
in the county. They are used mainly for smoll grains, 
corn, and alfalfa. 

CAPABILITY UNIT He-7 

‘This unit consists of deep and moderately ceep, nearly 
level, well-drained soils of the Grail, Havrelon, Regent, 
and Savage series. These soils have a surface layer of silty 
clay loam. Fertility is generally high and the organic- 
matter content is generally high to moderate, bub the 
Tlavrelon soil has moderate fertility and low organic- 
matter content. The available water capacity is high. 
Permeability is moderately slow and slow, but the 
Havrelon soil has moderate permeability. Water erosion 
is a slicht hazard on long slopes. These soils are more 
resistant to soil blowing than most other soils in the 
county. 

Difficulty im maintaining soil tilth is a concern of 
management but is not so critical as on clayey soils. 
Stubble rowlching and crop residue management are 
the main practices used to control erosion. Crop procuc- 
tion is limited mainly by the moisture supply, wind 
velocity, and temperature during the growing season. 

These soils are well suited to grass, small grains, and 
are fairly well suited to corn. They are used mainly for 
small grains and alfalfa. 


CAPABILITY UNIT Mle-3 


This unit consists of nearly level to gently sloping or 
undulating and gently undulating soils of the Havrelon 
Lihen, Manning, Parshall, Straw, Tally, Trembles, Vebar, 
and Velva series. ‘These soils are generally deep and well 
drained, but the Manning and Vebar soils are moderately 
deep and the Manning soil is excessively drained. These 
soils have a surface Jayer of fine sandy loam. Fertility is 
moderate to high. The organic-matter content is generally 
moderate to igh, but the Havrelon and Trembles soils 
have a low organic-mnatter content, The available water 
capacity is generally moderate, but the Havrelon and 
Straw soils have high available water capacity and the 
Manning soil has a low available water capacity, Perme- 
ability is generally moderately rapid, but the Havrelon 
and Straw soils have moderate permeability, the Lihen 
and Manning soils have rapid permeability, and in the 
layers below the subsoil, Manning soils have very rapid 
permeability. Soil blowing is a serious hazard. 

Soils in this unit are casily worked and, except for the 
Manning and Vebar soils, have a deep reot zone. Stubble 
mulching, crop residue management,  striperopping, 
wincbreal plantings, ancl buffer strips are the main prac- 
tices used to control erosion. Water erosion is a concern 
to management in areas that have long slopes of more 
than 3 percent. In these areas, grassed waterways and 
diversions are needed. Control of erosion and management 
of crop residue also help to maintain soil tilth. On the 
Havrelon soil, the Trembles soil, and eroded areas of 
other soils, intensive management is needed in maintain- 
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ing fertility and using crop residues. The use of wind- 
breaks and the inclusion of grass and legumes in the crop 
rotation are both sutiable and valuable erosion control 
practices. Crops generally respond ‘well te commercial 
fertilizers. The use of summer fallowing to store soil 
moisture is not generally practiced because of the moderate 
available water capacity and high erodibility, 

These soils are suited to small grains and well suited 
to corn, grass, and legumes. They are used mainly for 
corn, small grains, and grass. 


CAPABLLITY UNIT INe-3M 


This unit consists of decp and moderately deep, level 
to undulating and gently sloping, well-dramed soils of 
the Flaxton, Lefor, Livona, and Williams series, These 
soils have a surface layer insinly of fine sandy loam. The 
organic-matter content and fertility are moderate to 
high. The available water capacity is generally high, 
but the Lefor soil has moderate available water capacity. 
Permeability is moderate and moderately rapid in the 
upper part of the subsoil and moderate and moderately 
slow in the lower part of the subsoil and in. the underlying 
material, The upper part of these soils quickly becomes 
saturated during enty rains. The resulting runoff causes 
gullying in cultivated drainageways. Soil blowing is a 
serious hazard, 

These soils are easily worked. Soil tilth is easily main- 
ined by controlling erosion and maintaining crop 


tal 
residues. Except for the Lefor soil, these soils have deep 
rooting zones and can store a large amount of moisture 
for deep-rooted crops. Stubble mulching, crop residue 
management, striperopping, and buffer strips are the 
main practices used to control soil blowing. Water erosion 
is a concern of management in areas that have long slopes 
of more than 3 percent. In these arens grassed waterways 
are needed. For the Lefor soil and for eroded areas of 
other soils, intensive management is needed in maintaining 
fertility and using crop residues. The use of windbreaks 
and the inclusion of grass and legumes in the crop rotation 
are both suitable and valuable erosion control practices. 
Crops generally respond well to commercial fertilizer. 
In summer-fallowed fields, adequate protection of these 
erodible soils is needed. 

These soils are suited to small grains and well suited 
to corn, grass, and legumes. They are used mainly for 
small grains, corn, and alfalfa, 


CAPABILITY UNIT Mle-4 


This unit consists only of Lawther silty clay, gently 
sloping, which is deep, and moderately well drained. 
Fertility and the orgenic-matter content are high. The 
available water capacity is moderate, and permeability 
is slow. A considerable amount _of water runs off this soil. 
Waiter erosion is 1 moderate hazard. Soil blowing is a 
hazard early in spring after the soil has granulated during 
the winter. 

On this soil the power requirements for tillage are high, 
and 1ilth is difficult to maintain. Optimum content of 
soil moisture is necessary at the time of tillage, especially for 
scedbed preparation, to prevent puddling and crusting 
when wet and cloddiness when dry. Stubble mulching, 
erop residue management, cross-slope cultivation, di- 
versions, and grassed waterways are the main practices 
used to contro] erosion. Practices that incrense water 
intake and reduce runoff are needed. 
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This soil is suited to and used for all crops, except 
corn, grown in the county. [t is poorly suited to corn. 


CAPABILITY UNIT Iile-5 


This unit consists of deep and moderately deep, sloping 
and rolling, well-drained soils of the Linton, Flaxton, Tally, 
Vebar, and Williams series. These soils ‘have a surfate 
layer of lomm. Fertility, the organic-matter content, and 
available water capacity are igh to moderate. Permea- 
bility is generally moderate and moderately rapid, but the 
Flaxton and Williams soils have moderately slow per- 

Bs) in, the underlying material. Runoff on the soils 
of this unit is considerable during heavy rains, and_a few 
areas sre eroded, Water erosion is a severe hazard. Soil 
blowing is a moderate hazard. 

Soils in this unit are easily tilled, and except for the 
Vebar soil, they are casily penetrated by plant roots. Row 
crops cin. be grown only if intensive management is used; 
otherwise, losses of soi] and water are excessive. Stubble 
mulching, crop residue management, stripcropping, wind- 
breaks, buffer strips, und grassed waterways are the main 
practices used to control erosion. 

These soils are fairly well suited to small grains, poorly 
suited to corn, and well suited to grasses and legumes. 
They are used mainly for small grains and grasses. 


CAPABILITY UNIT Me-6 


This unit consists of deep and moderately deep, sloping 
or rolling, well-drained soils of the Amor, Arnegard, 
Morion, Sen, Temvik, and Williams series. These soils 
have a surface layer of ‘loam or silt loam. Fer tility and the 
organic-matter content are high to moderate, The avail- 
able water capacity is generally high, but the Amor soil 
has moderate available water capacity. Permeability is 
gencrally moderate, but the Temvik and Williams soils 
have moderately slow permeability in the underlying 
material. Considerable water runs off these soils during 
periods of heavy rains, Some areas are eroded. On unpro- 
tected slopes, wnter erosion is a serious hazard. Soil 
blowing is a slight hazard, 

Soils in this unit are easily worked. Good tilth is not 
difficult, to maintain, except in eroded spots where the 
more clayey subsoil is exposed. Stubble mulching and 
crop residue management are the main practices used to 
control erosion. Additional practices, such as stripcrop- 
ping, buffer strips, contour tillage, grassed waterways, 
and diversions, are used on long slopes to prevent excessive 
losses of soil and water. 

These soils are well suited to grassed and legumes, 
fairly well suited to small grains, and poorly suited to 
corn. They are used mutinly for small grains and grass, 


CAPABILITY UNIT Ie-€P 


This unit consists of the deep and moderately deep, 
gently slop. pin soils of the Belfield, Daglum, and Morton 
series. Belfield and Morton soils are well drained. Daglum 
soils are cence well drained and have a shallow, dense 
claypan. Belfield soils have a shallow to moder ately deep, 
fractured claypan. ‘These soils have a surface Jayer of silt 
loam. Fertility and the available water capacity are mod- 
erate to high and the organic-matter content is moderate. 
Permeability is generally slow and very slow, but the 
Morton soils have moderate permeability. Much of the 
water runs off these soils during heavy rains. Some areas 
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are eroded. On unprotected slopes, water erosion is a 
serious hazard. Soil blowing is a slight hazard. 

Soils in this unit are easily worked, and good tilth is 
easy to maintain, except m eroded areas where the more 
clayey subsoil is exposed. The growth of plant roots and 
the penetration of moisture are restricted in the cla: 
Stubble mulching, crop residue management, and. p> 
cropping are the main practices used to control erosion. 
On long slopes, ¢liversions and grassed waterways are also 
used to help control water erosion. Stubble mulching, 
manuring, and including Jegumes in the rotation help to 
Joosen the claypan. 

These soils are well suited to grasses and fairly well 
suited to small grains, legumes, and corn. They are used 
mainly for small grains and grasses. 


CAPABILITY UNIT Mle-7 


This unit consists of deep and moderately dccp soils of 
the Banks, Grail, and Regent series. The Grail and Regent 
soils are sloping and well drained; the Banks soils are 
mainly undulating and are somewhat excessively drained. 
The soils in this unit have a surface layer mainly of silty 
clay loam. Generally, fertility ond the available water 
capacity are high, and the organic-matier content is mod- 
erate to high. “Banks soils hawover. have low fertility, 
available water capacity, and organic-matter content. 
Permeability is generally moderately slow and slow, but 
the Banks soils have rapid permeability. Considerable 
amounts of water run off the Grail and Regent soils, and 
some areas of these soils are eroded. On unprotected slopes 
water erosion is a serious hazard. ‘The soils in this unit are 
more resistant to soil blowing than most soils in the county. 

Difficulty in maintaining soil tilth is a moderate con- 
cern of management. Stubble mulching and. crop residue 
management are the main practices used to control erosion. 
On long slopes grassed waterways and diversions are also 
used to control water erosion, On the Banks soils intensive 
management is needed in maintaining fertility and using 
crop residues. 

The soils in this unit are well suited to grasses and 
legumes and fairly well suited to small grains. “The Banks 
soils are fairly well suited to corn. ‘The Grail and Regent 
soils are peony suited to corn. These soils are used mainly 
for small grains and. grasses. 


CAPABILITY UNIT Mle-7P 


This unit consists of deep and moderately deep, gently 
sloping soils of the Belfield, Daglum, and Regent series. 
The Belfield and Regent soils are well drained and the 
Daglum soils are moderately well drained. The Daghum 
soils have a shallow, dense claypan, and the Belfield soit 
has a shallow to moderately deep, fractured claypan. 
The soils in this unit have a surface layer of silty clay 
loam. Fertility and the available water capacity are 
moderate to high, and the orgnnic-matter content is 
moderate. Permeability i is slow and very slow. Consider- 
able amounts of water run off these soils during heavy 
rains, and a few areas are eroded. On unprotected slopes, 
water erosion is a serious hazard. ‘These soils are more 
resistant to soil blowing than most other soils in the county. 

Difficulty in maintaining soil tilth is « moderate con- 
cern of management. Stubble mulching and crop residue 
management are the main practices used to control 
erosion. On long slopes, grassed waterways and diversions 
are also used to help control erosion. The growth of plant 
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roots and the penetration of moisture in the claypan are 
improved by stubble mulching, manuring, and including 
legumes in the rotation. 

These soils are well suited. to grasses, fairly well suited 
to small grains and legumes, and poorly suited to corn. 
They are used mainly for small grams and grasses. 


CAPABILITY UNIT Hle-S5 


This unit consists only of Noonan-Flaxton soils, un- 
dulating. These soils are deep and moderately well drained 
and well drained. They have a surface layer of loam or 
fine sandy loam. The Noonan soil has a shallow, dense 
claypan. ‘The organic-matier content and available water 
capacity are high to moderate, and fertility is moderate. 
Permeability is generally modcrately slow, but the Flaxton 
soil has moderately rapid permeability in the upper part 
of the subsoil. The upper part of these soils is quickly 
saturated during heavy rains. The resulting runoff causes 
gullying in cultivated drainageways. Soil blowing is 6 
moderate to scrious hazard. 

Soils in this unit are easily worked, and tilth is easily 
maintained by controlling erosion and returnmg crop 
residues to the soil. Stubble mulching, crop residue 
management, and stripcropping are the main practices 
used to control erosion, Grassed waterways help control 
gullying. The penetration of roots and moisture in the 
claypan subsoil is improved by stubble mulching, manur- 
ing, and including legumes in the rotation. Summer- 
fallowed fields need adequate protection. 

This soil complex is suited to small grains and grasses 
and fairly well suited te corn and legumes. It is used 
mainly for small grains and corn. 


CAPABILITY UNIT Ile-S6 


This unit consists only of Stady-Lehr loams, gently 

sloping. These soils are moderately decp to shallow over 
gravel and sand. They are well draimed and somewhat 
excessively drained. They have a surface layer of loam or 
silt loam. Fertility and the organic-matter content are 
moderate and the available water capacity is low, Per- 
meability is moderate and moderately rapid through the 
subsoil and very rapid below the subsoil. The root zone is 
yesiricted to the upper few inches of the underlymg sand 
and gravel. Water croston and soil blowing arc moderate 
to slight hazards. 
Soils in this umit are easily tilled, and soil tilth is easily 
maintained. Frequent rains are needed during the grow- 
ing season to maintain good growth of plants. Dry spells 
more than 3 weeks Jong are damaging to grain and forage 
crops. Summer fallowing is not generally practiced be- 
cause the soils have low available water capacity. Stubble 
mulching, crop residue management, and stripcroppmg 
are the main practices used to control erosion. In long 
drainageways, grassed waterways are needed. 

These soils are well suited ‘to grass and fairly well 
suited to small grains, corn, and legumes. ‘They are used 
mainly for grass, small grains, and corn. 


CAPABILITY UNIT MIw-4 


This unit consists of ditched and drained areas of deep, 
nearly level, very poorly drained soils of the Dimmick and 
Lalli series. These soils have a surface layer of silty clay. 
Fertility and the available water capacity are moderate, 
Organic-matter content is high in the Dimmick soil and 
Jow in the Lallie soil. Permeability below the surface layer 


is slow and very slow. Heavy rains or the rapid melting 
of snow cause ponding [or periods of several days to more 
than a week. Soil blowing is a hazard early in spring, after 
the soils have granulated during the winter. 

On these soils the power requirements for tillage are 
high, and tilth is difficult to maintain. Drainage ditches 
should be maintained to keep ponding to a minimum 
during the growing season, but short periods of spring 
flooding are beneficial to crops. Optimum content of 
moisture is a necessary condition at time of tillage to 
prevent cloddiness or puddling and crusting. Stubble 
mulching and crop residue management are the main 
practices used to control soil blowing. 

Soils in this unit are well suited to adapted grasses. The 
risk of drowning the crops when the soils are ponded 
limits their use for small grains, alfalfa, and corn. These 
soils are fairly well suited to small grains, fairly swell to 
poorly suited to alfalfa, aud poorly suited to corn, Soils in 
this unit are used mainly for perennial or late-seeded 
annual hay crops. 

Undrained areas of these Dimmick and Lallie soils are 
in capebility unit Vw-W. 


CAPABILITY UNIT Ilw-G 

This unit consists only of ditched and drained areas of 
Parnell silt loam. This soil is deep, nearly level, and, in 
its natural state, poorly drained. Fertility, organic-matter 
content, and available water capacity are high. Perme- 
ability is slow. Heavy rains or the rapid melting of snow 
cause ponding for periods of several days to more than a 
week, The ponding lasts longer in large areas that have 
shallow outleis than in other areas. Soil blowing is a 
slight hazard. 

This soil is easily worked, and tilth is easily maintained. 
Drainage ditches should be maintained to Leen ponding 
to a minimum during the growing season, but short 
periods of spring flooding are beneficial to crops. Stubble 
mulching and crop residue management are the main 
practices used to control soil blowing. 

‘This soil is well suited to adapted grasses and fairly 
well suited to all other commonly grown crops. The risk 
of drowning the crops when tho soil is ponded limits the 
use of the soil for small grains, alfalfa, and corn. This soil 
is used mainly for perennial hay crops or for late-seeded 
annual hay or grain crops. 

TUndrained areas of Parnell silt loam are in, capability 
unit Vw-WI1. 


CAPABILITY UNIT Ils-4 

This unit consists only of Stady loam, nearly level. This 
soil is well drained and is moderately deep to gravel and 
sand. It has a surface layer of loam or silt loam. Organic- 
matter content and fertility are moderate, and the avail- 
able water capacity is low. Permeability is moderate in 
the surface layer and subsoil and very rapid below the 
subsoil. The root zone is restricted to the upper few inches 
of sand and gravel. Only a small amount of water runs 
off. Soil blowing is a slight hazard. 

This soil is easily worked, and. soil 1ilth is easily main- 
tained. Frequent rains are needed during the growing 
season to maintain good plant growth. Dry spells more 
than 3 weeks long damage grain and forage crops. Suramer 
fallowing is not generally practiced because of low avail- 
able water capacity. Stubble mulching and crop residue 
management are the main practices uscd to control 
erosion. 
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This soil is suited to small grains, corn, legumes, and 
grass. It is used mainly for small grains, corn, and legumes. 


CAPABILITY UNIT IIfs-6P 


This unit consists of deep and moderately deep, nearly 
level soils of the Belfield, Daglum, and Morton series. 
The Belficld and Morton soils are well drained, The Bel- 
field soil has a shallow to moderately deep, fractured 
claypan, and the Daglum soils are moderately well 
drained and have « shallow, dense claypan. These soils 
have a surface layer of silt loam, Fertility and the available 
water capacity re moderate to high, and the organic- 
matter content is moderate. Permeability is generally 
slow and very slow, except that the Morton soil has mod- 
erate permeability. On long slopes, some water runs off 
during heavy rains, and water crosion is « moderate 
hazard. Soil blowing is a slight hazard. 

Soils m_ this unit are easily worked, and good tilth is 
easily maintained. The growth of plant roots and the 
penetration of moisture are restricted in the claypan. 
Stubble mulching and crop residue management are the 
main practices used to control erosion. On long slopes, 
grassed waterways and diversions are needed. Stubble 
mulching, manuring, and including legumes in the rofs- 
tion help Joosen the claypan. 

These soils are well suited to grasses and fairly well 
suited to small grnins, legumes, and corn. They are used 
mainly for small grains and corn. 


CAPABILITY UNIT I1g-7? 


This unit consists of deep and moderately deep, neatly 
level soils of the Belfield, Daghum and Regent series. The 
Belfield and Regent soils arc well drained. The Belfield 
soil has a shallow to moderately deep, fractured claypan, 
and the Daghim soils are moderately well drained and 
have a shallow, dense claypan. These soils have 2 surface 
layer of silty clay loam. Fertility and the available water 
capacity arc moderate to high, and the organic-matter 
content is moderate. Permeability is slow and very slow. 
On long slopes, water runs during heavy rains, and on. 
unprotected slopes, water erosion is a moderate hazard. 
These soils are more resistant to soil blowing than most 
other soils in the county. 

Difficulty in maintaining soil tilth is a moderate con- 
cern of managoment. Stubble mulching, crop residuc 
management, and cross-slope cultivation are the main 
prectices used to control erosion. On long slopes, grassed 
waterways and diversions help control erosion. Stubble 
mulching, manuring, and including legumes in the rete- 
tion help loosen. the claypan. 

These soils are well suited to grasses, fairly well suited 
to small grains and. legumes, xnd poarly suited to corn. 


CAPABILITY UNIT 1Ve-2 

This wnit consists of deep, gently undulating and un- 
dulating, well-drained soils of the Flaxton and Lihen series. 
These soils have a surface layer of loamy fine sand. 
Fertility, available water capacity, and organic-matter 
content are moderate. Permeability is generally rapid, 
but the Flaxton soil has moderately slow permeability 
below the upper part of the subsoil. Soil blowing is a 
serious hazard. 

Soils in this unit are casily worked, but controlling 
erosion and returning crop residues to the soil are needed. 
to maintain good tilth. These soils have a deep root zone. 
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The Flaxton soil can store a large amount of moisture for 
deep-rooted Jegumes. Drainagewnys should be protected 
to contral gullying. Intensive use of several measures is 
needed to control erosion, to conserve moisture, and to 
maintain tilth, fertility, and the organic-mutter content. 
The use of windbreaks and the inclusion of grass and 
legumes in the crop rotation are especially needed in 
areas under continued cultivation. Summer fallowing to 
conserve moisture on Lihen soils is a marginal practice 
that may not be beneficial enough to be warranted. 
Tilling when the soil is moist leaves maximum cloddiness, 
which helps to control erosion. 

These soils are well suited to legumes and grasses and 
fairly well suited to small grains and corn. They are used 
mainly for grass, small grains, and corn. 


CAPABILITY UNIT 1¥e-3 


This unit consists mainly of deep and moderately deep, 
nearly level to rolling soils of the Banks, Trembles, 
Fiaxton, Livona, Parshall, Tally, Vebar, and Williams 
series. The Banks and Trembles soils are nearly level to 
undulating, but the other soils are sloping or rolling. These 
soils have a surface layer mainly of fine sandy loam. 
Soils in this unit are generally well drained, but the Banks 
soils are somewhat excessively drained. Fertility and 
available water capacity are low in the Banks soils, but 
moderate io high in the other soils. The organie-matter 
content is low in the Trembles and Banks soils but mod- 
erate to high in the other soils, Permenbility in some 
layers below the upper part of the subsoil is generally 
moderately rapid to moderately slow, but the Banks soils 
have rapid permeability. Except on the Banks and Trem- 
bles soils, considerable amounts of water run off the 
steeper and longer slopes, and water erosion is a moderate 
hazard. Soil blowing is also a hazard on all but Banks 
and. Trembles soils. 

Soils in this unit are easily worked and have a deep root 
zone. Gullying in cultivated drainageways is a serious 
hazard. Intensive use of several conservation measures 
is needed to control erosion, maintain fertility and good 
soil tilth, and conserve moisture. Losses of soil und water 
can. be minimized by including more grasses and legumes 
and less row crops in the crop rotation. Summer {allowing 
is not generally practiced on the Banks, Trembles, 
Parshall, Tally, anc. Vebar soils because these soils have 
moderate to low available water capacity and high evodi- 
bility, For the Banks and Trembles soils and eroded. areas 
of other soils, intensive managernent is needed in the 
maintenance of fertility and the use of crop residues. 

These soils are well snited to grasses, well suited to fairly 
well suited to legumes, and fairly well suited to small 
grains, They are suited to corn if adequate amounts of 
Moisture are conserved and. srosion control practices ure 
used, These soils are used mainly for grass and small 
grains. 

CAPABILITY UNIT TVe-4L 

This unit consists only of Sen-Werner loams, sloping. 
These soils are moderately decp and shallow and well 
drained, They have moderate organic-matter content. The 
Sen soil has high lertility and available water capacity, 
but the Werner soil has low fertility and available water 
capacity. Permeability is moderate. Considerable tmounts 
of water run off during heavy rains, and some areas are 
eroded, Because this soil contains lime, the soil granules 
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slake into sand-sized jiarticles that are susceptible to soil 
blowing. 

Soils in this unit are easily tilled. Control of water 
crosion and maintenance of organic-matter content, fer- 
tility, and good soil tilth are concerns of management. 
Intensive use of several measures is needed to prevent 
excessive losses of soil and water. Intensive management 
of crop residues and restrictions on the use of row crops 
and fallowing are necded. The rooting of legumes and 
trees is restricted in the shallow underlying material, 

These soils are well suited to grasses, fairly well suited 
to small grains, and poorly suited to corn and legumes. 
They are used mainly for grass and small grains. 


CAPABILITY UNIT 1Ve-5 

This unit consists only of Stady-Lebr loams, sloping. 
These soils are moderately deep and shallow to sand and 
grave! and are well-drained and somewhat excessively 
drained. They have a surface layer of loam or silt lonm. 
Fertility and the organic-matter content are moderate, 
and the available water capacity is low. Permeability is 
moderate and moderately rapid in the subsoil and very 
rapid below. The root zone is restricted to the upper few 
inches of sand and gravel. Some water rans off during 
heavy rains, and water erosion is a serious hazard. Soil 
blowing is 2 moderate hazard. 

Soils im this unit are easily tilled, and soil tilth is easily 
maintained. Frequent rains are needed during the growing 
season to maintain goed plant growth. Dry spells more 
than 3 weeks long are damaging to grain and. forage 
crops. Summer fallowmg is not generally practiced 
beenuse the soils have low available water capacity. 
Stubble mulching, crop residue management, cultivating 
across the slope, ond stripcropping are the main practices 
usec to control erosion, Grassed waterways are needed 
in most drainageways. Use of row crops should be 
restricted, 

This complex is suited to grass, fairly well suited to 
small grains and corn, and poorly suited to Jegumes. 
It is used mainly for grass and small grains. 


CAPABILITY UNIT I¥Ye-6 

This unit consists of deep and moderately deep, well- 
drained, hilly soils of the Amor, Morton, Sen, Temvik, 
Williams, and Zahl series. These soils have a surface 
layer of loara or silt loam, Fertility and the available 
capacity are generally high, but the Zehl soil has 
Jow fertility and the Amor soil has moderate fertility and. 
available water capacity. The organic-matter content is 
moderate. Permeability is moderate and moderately slow. 
Much of the water runs off these soils, and some areas 
ate croded, Water erosion is a serious hazard, and soil 
blowing is a slight hazard. 

Soils in this unit are easily worked, except in oroded 
spots where the more clayey subsoil is exposed, and good 
filth is easily maintained. Intensive use of several 
practices is needed to control erosion, Row crops cannot 
be safely grown beenuse soil losses are excessive and most 
cultivated drainageways are gullied. Grassed waterways 
are needed in these drainageways. 

These soils are fairly well swited to small grains and 
legumes, well suited to grass, and poorly suited to corn. 
They are used mainly for grass and small grains. 
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CAPABILITY UNIT 1Ve-6P 


This unit consists of deep and moderately deep, sloping 
soils of the Belfield, Daghim, and Morton series. The 
Belfield nnd Morton soils are well drained, and the Daglum 
soil is moderately well drained. The Belfield soil has a 
shallow to maderately deep, fractured subsoil, and the 
Daglum soil has a shallow, dense subsoil, The soils nm 
this unit have a surface Jayer of silé loam. Fertility and 
the available watcr capacily are moderate to high, and 
the organic-maticr content is moderate. Permeability 
is generally slow and very slow, but the Morton soils have 
moderate permeability. Most of the water runs off these 
soils during heavy rams, and some areas are eroded. On 
unpratected slopes, water erosion is a serious hazard, 
Soil blowing is a slight hazard. 

Soils in this untt are easily worked. Good tilth is casily 
maintained except in eroded areas where the move clayey 
subsoil is exposed. Plant roots and moisture penotration 
ure restricted in the claypan. Intensive use of diversions, 
grassed. waterways, and other measures is needed to con- 
trol erosion. Stubble mulching, manuring, and including 
legumes in the rotation help loosen the cluypan. Row 
crops cannot be grown because losses of soil are excessive. 

These soils are well suited to grasses, fairly well suited 
io marginally suited to small grains and legumes, and 
poorly suited to corn, They are used mainly for grass and 
small grains. 


CAPABILITY UNIT [Ve-7P 


This unit consists of a complex of the deep and mod- 
crately deep, sloping soils of the Daglum and Regent 
series. The Rogent soil is well drained and the Daghum 
soil has a shallow, dense claypan and is moderately well 
drained. These soils have a surface layer of silty clay lonm. 
The organic-matter content is moderate, and fortility 
and the available water capacity are moderate to high. 
Perraeability below the surface layer is slow and very slow. 
Most of the water runs off during heavy rains, and some 
areas are eroded. On unprotected slopes, water erosion. is 
a serious hazard, These soils are more resistant to soil 
blowing than most soils in the county. 

Difficulty in maintaining soil tilth is a moderate con- 
cern of management and is more serious in eroded areas 
than in other areas. Intensive use of diversions, grassed 
waterways, and other measures is needed to control 
erosion. Plan& reots and moisture penetration are re- 
stricted by the claypan. Stubble mulching, munuring, 
and ineluding legumes in the rotation help loosen the 
claypan. Row crops cannot be grown because soil losses 
are excessive. 

These soils are well suited to grasses, marginally suited 
to small grains and legumes, and poorly suited to corn. 
They are used mainly for grass and small grains. 


CAPABILITY UNIT IV wi 


This unit consists only of undrained areas of Lallie 
silty clay, a deep, nearly level, poorly drained soil. Fertility 
and the available water capacity are. moderate, and the 
organic-matter content is low. Permeability is slow. 
This soil ponds for periods of several weeks early in spring 
and after heavy rains. In most years, the water table 
ranges [rom 0 to 5 feet in depth. The high water table 
is beneficial in dry years. 

Wetness is the main concern of management. Proper 
jnstulation and maintenance of drainage ditches are 
needed if this soil is to be intensively cultivated. 
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This soil is well suited to reed canarygrass and per- 
manent, adapted grasses, and fairly well suited to late- 
seeded small grains and annual hay. However, there is a 
risk of drowning the crops. This soil is used mainly for 
perennial hay crops. 

Drained areas of Lallie silty cl 
unit TIw-4. 


ay are in capability 


CAPABILITY UNIT IV wed, 


This wnit consists of undrained areas of Colvin and 
Rogan silt joams. These soils are deep, nearly level, and 
poorly drained. Fertility is moderate, and the ovganic- 
matter content and available water capacity are high. 
Permeability is moderate. In most years the water 
table ranges from 1 to 4 feet in depth. 

Wetness is the main concern of management, except 
in dry years when the high water table is beneficial. 
Proper installation and maintenance of drainage ditches 


are necessary if these soils are to be intensively cultivated. 
: 


hese soils are well suited Lo permanent hay or pasture, 
yy are suited to late-seeded small grains and annual 
hay, but there is a risk of crop damage from wetness us 0 
result of a high water table. These soils furnish good sites 
for stockwater dugouts and shallow wells. They are 
used mainly for native pasture and hay. : 
Drained areas of Colvin and Regan silt loams are in 
capability unit Tlw-4L. 


CAPABILITY UNIT LVw-5 


This unit consists of undrained areas of Tonka and 
Parnell silt looms. These soils are deep, nearly level, and 
poorly drained to very poorly drained, The very poorly 
drained Parnell soil in this unit is in small depressions 
within larger areas of Tonka soil. Fertility is moderate to 
high, and the organic-matter content and available water 
capacity are high. Permeability is slow. In most years, 
these soils pond or have a water table from 0 to 8 feet in 
depth. They are ponded for several weeks in spring or 
after heavy rains. In dry years, the high water table and 
the short periods of flooding are beneficial. 

Wetness is the main concen of management. Proper 
installation and maintenance of drainage ditches are neces- 
sary if these sails are to be intensively cultivated. 

These soils are well suited to permanent hay or pasture. 
They are suited to late-seeded small grains and ormual 
hay, but there is a risk of drowning the crops. ‘These soils 
furnish good sites for stockwater dugouts and shallow wells. 
They are uscd mainly for permanent hay, pasture, and 
wildlife habitat, 

Drained areas of Tonka snd Parnell silt loams are in 
capability unit IIw-6, 


CAPABILITY UNIT Vw-Oy 

This unit consists only of Alluvial land. The soil is deep 
and poorly drained to somewhat poorly drained. This land 
type is in bottom lands along the Missouri River. It is 
nearly level to gently undulating. Surface texture is mainly 
coarse or moderately coarse. The available water capacity 
is mainly low to moderate, and the organic-matter content 
and fertility are low. Permeability is moderate to rapid. 
This land is flooded during periods when the Missouri River 
is high. The water table is above a depth of 5 feet most 
of the time. 

The main concern of management is wetness. This Jand 
type is suited to wildlife habitat and to pasture curing 
periods when. the surface soil is dry. Controlled grazing 
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during wet periods is needed to prevent trampling that. 
destroys forage. i 
CAPABIATY UNIT Vw-WL 

This unit consists mainly of wndrained areas of soils of 
the Dimmick, Lallie, Parnell, and Regan series. These 
soils are deep and nearly level. The Regan soil is very wet, 
and the other soils are very poorly drained. These soils 
have a surface layer of silt loam or silty clay. Fertility and. 
available water capacity are moderate to high. The organic- 
matter content is generally moderate to high, but the 
Lallie soil has a low organic-matter content. Permeability 
is moderate to very slow, ‘These soils are saturated in spring 
ancl early in summer, and the water table is always high. 
Water from runoff, flooding streams, or seepage is con- 
stantly on the surfuce, or it is rechargmg the ground water 
and thus contributing to a high water table. 

The main concern of management is wetness. Inadequate 
drainage outlets, periodic flooding, and seepage make 
drainage not economically feasible in many areas of these 
soils, Native plants are mainly coarse grasses and sede: 
Late-scason grazing is necessary to provent excessive 
trampling that destroys forage on the saturated surface 
Inyer. 

These soils are suited to wildlife habitat and during 
the drier part of the season to pasture, In dry years the 
Dimmick and Parnell soils are suited to late-senson hay, 
and after a series of dry years, these two soils can be used 
for late-seeded small grains but the risk of flooding is 
great, 


CAPABILITY UNIT Vie-Sa 


This unit consists only of Telfer-Lihen loamy fine sands, 
steep. These soils are deop and excessively drained and well 
drained. Fertility and the organie-matter content are 
rooderate, und the available water capacity is low to 
moderate. Permeahility is rapid. 

Froquont rains sre needed to sustain growth of grasses. 
on these soils, Growth, however, quickly resumes after 
rains and is rapid while soil moisture is available. Con- 
servation of moisture and protection from erosion are 
helped by proper stocking and distribution of grazing. 
During establishment of plant cover, eroded areas need 
reseeding and protection from grazing. 

These soils are too droughty and erodible to be suitable 
for cultivation. They are suited to permanent hay ond 
pasture and are used mainly for pasture. 


CAPABILITY UNED ¥ie-Si 

This unit consists only of Straw loam, channeled, a 
deep, well-drained soil. This soi] is generally nearly level. 
Fertility, the organie-matter content, and available water 
capacity are high. Permeability is moderate. Some arens 
of this soil ure occasionally flooded for short periods. This 
soil is gullied in places where it receives excessive runoff 
from nearby, overgrazed, very steep soils, Water erosion is. 
ahazard. 

Channel alinement, shaping, and stream diversions are 
needed before reseeding gullied areas to grass. Seeded 
areas need protection from grazing for establishment of 
protective cover. Proper stocking and distribution of 
grazing are needed to maintain range condition. 

This soil is too channeled and too subject to water 
erosion to be suitable for cultivation. It is well suited to 
and used mainly for native range and hay. 
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CAPABILITY UNIT Vie-Sy 

This unit consists of well-drained, hilly scils of the 
‘Cohagen, Flaxton, Vebar, and Williams series. The 
Vebar soil is modorately decp, the Cohagen soil is shallow, 
and the other soils are deep. These soils gencrally have a 
surface layer of fine sandy loam. Fertility, the organic- 
matter content, aud available water capacity are moderate 
to high, but the Cohagen soil is low in those qualities. 
Permeability is moderately eapid to moderately slow. 
Much of the water runs off these soils, and afew cultivated 
areas are eroded. 

Reseeding eroded arcas to permanent grass and protec- 
tion from grazing are needed during establishment. of 
ground cover. Proper stocking and grazing distribution 
aro needed. to conserve moisture and control erosion. 

These soils arc too erodible to be suitable for cultivation. 
They are suited to and used mainly for native pasture. 
The more gently sloping soils on uplands and in swales 
are suited to nalive hay. 


CAPABILITY UNIT Vie-Sw 


This unit consists of steep, shallow and moderately 
deep, well-drained soils of the Cabba, Cohagen, Vebar, 
and Werner series. ‘These soils have a. surface layer of 
clay loam to fine sandy loam. Fertility, the organic-matter 
content, and available water capacity are low to moderate. 
Permeability is moderate and moderately rapid. Most of 
the water runs off these soils, Shallow, bedded sandstone 
and shale seriously restrict the plant root zone. Gullying 
of cattle trails is common on overgrazed slopes. In some 
places are small areas of vory stony soils or shale and 
rock outcrops. 
Proper stocking and grazing distribution are needed 
to conserve moisture and control erosion. During establish- 
ment of ground cover, shaping, diversions, reseacding, and 
protection from grazing are practices necded to control 
gullying. 

These soils are too shallow and too erodible to be 
suited to cultivation. They are suited to and used mainly 


for native range. ‘The smal 
‘on uplands and in swales are 
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, more gently sloping areas 
suited to native hay. 


UNIT Vie-TS. 


This unit consists only o: 


Banks fine sand, rolling, a 


‘deep, somewhat excessively drained soil. Fertility, the 
organic-matter content, and available water capacity 
are low. Permeability is rapid. This soil is droughty 
because of the low available water capacity and loss of 
water by runoff. Some places have many blowout spots. 
The soil supports a thin stand of grasses, trees, and 
shrubs. It is very susceptible to soil blowing. 

Frequent rains are needed to sustain plant growth. 
Proper stocking and distribution of grazing are needed 
to control runoff, conserve moisture, and control erosion. 
In eroded areas, reseeding and protection from grazing 
are needed during establishment of ground cover. 

This soil is too erodible and droughty to be suitable for 
cultivat on. It is suited to and used mainly for native 
pasture. 


CAPABILITY UNIT Vie-TU 
This unit consists only of Zahl-Williams loams, hilly. 
‘These soils are deep and well drained. The acreage of 
Zahi soil is about equal to that of Willams soil. In some 
places are areas of very stony coils. These soils have 
moderate organic-matter content and high available 
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water capacity. The Williams soil has high fertility and 
the Zahl soil has low fertility. Permeability is moderate 
and moderately slow. Most water runs off. A few areas 
that have been cultivated are eroded. 

In eroded areas, reseeding to permanent grass and 

protection from grazing are needed during establishment 
of ground cover. Grazing management that conserves 
water and controls erosion helps to maintain range 
rondition. 
These soils are too steep, shallow, and erodible to be 
uitable for cultivation. They are suited to and used 
nainly for native range. The stone-free, more gently 
loping areas on tablelands and in swales are suited to 
native hay. These soils have good sites for stockwater 
development. 
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CAPABILITY UNIT ¥is-CD 

This unit consists only of Heil silty clay, 2 nearly level, 
deep, poorly drained soil. This soil has a very shallow, 
dense claypan. Fertility, the organic-matiter content, and 
available water capacity are moderate. Permeability is 
very slow. The soil is ponded for short periods in spring 
and after heavy rains. In most years, the water table 
ranges from 6 to 7 feet in depth. The claypan seriously 
restricts the growth of plant roots and the penctration of 
moisture. This soil does not give up moisture readily to 
plant roots and is droughty in the dry part of the growing 
season. 

Ponding partly offsets the bad effect of the claypan on 
grass production, and drainage of this soil lowers fornge 
production. The trampling of livestock while the soil is 
wet destroys some ot the fornge and further reduces 
permeability of the soil. Range condition is maintained by 
use of proper stocking and grazing distribution. 

This sail is not suitable for cultivation. It is suited to 
and is used for native pasture and hay. It has good sites 
for stockwater dugouts. 


CAPABILITY UNIT Vis-SL 

This unit consists of deep, nearly leve! Harriet soils 
and Strongly saline land. These soils are strongly saline 
aud somewhat poorly drained to very poorly drained. 
The Harrict soils have a very shallow, weak claypan. 
The soils in this unit have a surface layer of fine sandy 
loam to silty clay. Fertility is low, and the organic-mat~ 
ter content and available water capacity are moderate. 
Permeability is moderate to slow. A few areas are ponded 
for short periods. In most years, the water table ranges 
from 0 to 6 feet in depth. Vegetation is mainly a patchy 
stand of sali-tolerant native grasses, Strongly salinc, bar- 
ren surface spots are subject to soil blowing when dry. 

Wetness, salinity, and the claypan are the main _con- 
cerns of management. Drainage improves soils that have 
moderate permeability that allows the leaching of salts, 
but the drainage of most arenas is not economically feasible. 
The trampling of livestock destroys forage when these 
soils are wet. Proper stocking and grazing distribution 
help coutrol erosion and maintain range condition. 

Soils in this unit are too salty and poorly drained to be 
suitable for cultivation. They are suited to and used for 
native pasture and hay, but in most years the hay cannot 
be cub carly enough to be of good quality because the 
soils are wet. These soils have good sites for stockwater 
dugouts, but the salt content of the water is high. 
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CAPABILITY UNIT Vis-TCp 

This unit consists only of Rheades-Daglum complex, 
gently sloping. These soils are deep and moderately well- 
drained. The Daghim soil has a shallow claypan, and the 
Rhoades soil has a very shallow, dense claypan. ‘These 
soils have a surface layer of fine sandy loam to silty clay 
loam. Fertility and the available water capacity aro mod- 
erate to low, and the organic-matter content is moderate. 
Permeability is very slow. The claypan subsoil severely 
restricts the penetration of roots and moisture. Much of 
the water runs off these soils, and some livestock trails 
are gullied. In some places are small areas of very stony 
soils. 

The dense claypan is the major concern of management. 
Late-season grazing, deferred grazing, proper stocking, 
and dstribution of grazing help maintain range condition, 
Manuring and seeding of sweetclover and other legumes 
are beneficial for water intake and fertility. Eroded live- 
stock trails need. reclaiming and protection from grazing 
during establishment of grass seedlings. These soils are not 
suitable for cultivation because they have poor tilth, are 
erodible, and have a subsoil that restricts roots. 

These soils are suited to and used mainly for native 
pasbure. Forage production is too low for good hay. ‘There 
are good sites for stockwater development. 


CAPABILITY UNIT Vile-Sw 


This unit consists of complexes of very steep, well- 
drained and excessively dramed, shallow soils of the 
Cabba, Cohagen, Ringling, and Werner series, Shale 
outcrop, and Sandstone outerop. These soils have a 
surface layer of light silty clay loam to fine sandy loam 
or gravelly loam. In some places on ridgetops are areas 
of very stony soils. Fertility and the available wator 
capacity are low, and the organic-matter content is low 
to moderate. Permeability is moderate ‘in the Cnbba 
and Werner soils, moderately rapid in the Cohagen soil, 
and rapid in the Ringling soil. Most of the water runs 
off these soils. The shallow bedded materials seriously 
restrict the growth of plant roots. Areas where shale, 
rock, and sandstone crop out have little plant cover. 
Raw shale and rock are subject to geologic erosion that 
is accelerated by overgrazing, and the gullying of cattle 
trails is common on overgrazed slopes. 

Proper stocking and distribution of grazing are needed 
for protection of soil and control of erosion, Shaping, 
diversions, resecding, and protection during establish- 
ment of cover are practices needed to control gullying 
and erosion. 

‘These soils are too shallow, steep, and erodible to be 
suitable for cultivation. They are suited to and used 
mainly for native range. 


CAPABILITY UNIT Vile-TU 


This unit consists only of Zah]-Williams loams, steep. 
‘These soils are deep and well drained. The dominant 
soil is the Zahl soil, which has a thin solum. In some 
places are areas of very stony soils. The soils in this 
unit have moderate organic-matter content and high 
available water capacity. The Williams soil has high 
fertility, and the Zahl soil has low fertility. Permeability 
is moderate:-and moderately slow. Most of the water 
runs off, and in places, overgrazed slopes and cattle 
trails are eroded. 


In eroded areas, reseeding to permanent grass and 
protection from grazing are needed during establishment 
of ground cover. Grazing management that consery 
water and controls erosion helps to maintain range condi- 
tion on. these soils. 

These soils are too steep, shallow, and erodible to be 
suitable for cultivation. They are suited to and used for 
native range. A few of the small, stone-free, more gently 
sloping areas on tablelands and in swales are suited to 
native hay. These soils have good sites for livestock 
water developments. 


CAPABILITY UNIT VIls-Si 

This unit consists of the moderately deep and deep, 
sloping or rolling, well-drained, stony and stone-free 
soils of the Morton, Sen, and Williams series. Glacial 
and. silicified cobblestones, stones, and boulders cover 
about 10 percent of the soil surface, and more than 50 
percent of the coarse ee are larger than 10 inches 
in diameter, These soils have a surface layer of loam or 
silt loam. Fertility and the available water capacity are 
high, and the organic-matter content is moderate. Perme- 
ability is modevate and moderately slow. 

Because of the stoniness, these soils are not suituble 
for cultivation with machinery, and removal of stones 
has not been economically feasible for farmers. Some 
formerly stony areas have been cleared of stone by 
contractors who use the stone for construction purposes. 
Proper stocking and grazing distribution control crosion 
and maintain range condition. 

These soils are well suited to and used mainly for 
native pasture. 

Cleared areas of these soils are in capability unit 
THe-b. 

CAPABILITY UNIT Yils-Sy 

This unit consists only of Vebar stony fine sandy loam, 
hilly. This soil is moderately deep and well drained. Some 
areas are stony, and some are relatively free of stenes. 
Glacial and. silicified cobblestones, stones, and boulders 
cover 10 to 15 percent of the soil surface, and more than 
75 percent of the coarse fragments are larger than 10 
inches in diameter. Fertility, the organic-matter content, 
and available water capacity are moderate. Permenbility 
is moderately rapid. 

Because of the stoniness, these soils are not suitable for 
cultivation with machinery, and the removal of stones is 
not economically feasible for farmers. Some formorly 
stony areas have been cleared by contractors who use the 
stone for construction purposes. Proper stocking snd 
grazing distribution are practices that control erosion and 
main bam range condition. 

This soil is well suited to and used mainly for native 
pasture. 

Cleared areas of this soil are in capability unit VIe—Sy. 

CAPABILITY UNIT VIls-VS 

This unit consists only of Wabek gravelly loam, steep. 
This soil is excessively drained and is very shallow over 
sand and gravel. The organic-matter content is moderate, 
fertility is low, and the available water capacity is very 
low. Permeability is very rapid in the sand and gravel 
underlying material but rapid in layers above this. This 
soil supports a thin stand of native grasses. The growth of 
plant roots is restricted to the upper few inches of sand 
and gravel. 
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Frequent rains are needed to sustain plant growth. 
Practices are needed to prevent runof and to conserve 
as much precipitation as possible. Proper stocking and 
grazing distribution are essential to maintenance of range 
condition. 

This soil is too shallow, droughty, and steep to be suit- 
able for cultivation. It is suited to and used for native 
pasture. Forage production is too low for the soil to be 
suited to hay. 

CAPABILITY UNIT ¥iis-1 

This unit consists of Gravel pits and Mine dumps. The 
areas are more than 3 acres in . These land types are 
nearly level to very steep, deep to very shallow, and 
ponded. to excessively drained. Fertility and the organic- 
matter content are low, the available water capacity is 
very low to moderate, and permenbility is very rapid to 
slow. Vegetation is very sparse over most of the acreage 
and is more dense in nearly level areas than in other areas. 
Some wet, low areas have trees and shrubs. Plants on the 
dry sites are mainly grasses, weeds, and sweetclover. 
Nearly all water runs off Mine dumps, but very little 
runs off Gravel pits; both are very droughty. 

Without reclamation these land types are suited to 
wildlife habitat and recreation and poorly suited to pasture. 
In time, they support more vegetation if protected from 
livestock. They are suited to pasture after extensive 
land leveling, revegetation, and fertility and residue 
management. 


CAPABILITY UNIT Ville 

This unib consists only of Riverwash. It is made up of 
barren sandbars, within and adjacent to the Missouri 
River channel, that are exposed when water is low. During 
periods of high water, these sandbars are flooded, and 
the rest of the time the water tnble ranges from 0 to 5 
feet in depth. The surface layer is mainly fine sand to 
fine sandy loam. Fertility and the organie-matter content 
are low, the available water capacity is low to moderate, 
and permeability is rapid to moderate. 

This Jand type is highly unstable and is constantly 
shifted by the river current. When dry, the soil blows. 
More stable areas support a growth of willows and 
cottonwoods. 

This land type is suited to wildlife habitat, recreation, 
and esthetic purposes. Management is not feasible be- 
cause of the instability. 


Predicted Yields 


Predicted yields of the principal crops grown in Oliver 
County, under two levels of management, are shown in 
table 3, These predictions are based on information 
obtained from farmers and other agricultural workers in 
the county. They are averages for a period long enough 
to include years of both favorable and unfavorable tem- 
perature and moisture supply during the growing season. 
The predictions represent the acreage planted, rather than 
only the acreage harvested. 


Range ’ 


In Oliver County about half the acreage is used mainly 
as range. This range supports a cover of natural vegeta- 


2 By Craveon L. Quinniup, range conservationist, Soil Con- 
servation Service, Bismarck, N. Dak. 
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tion, chiefly grassos, sedges, and other herbaceous plants, 
that are in large enough quantity to be valuable for 
grazing. Most of this land remains in range beeause it 
18 not suited to cultivated crops, but in places there are 
areas of high-quality soils that are kept in range because 
they are interspersed with large aveas of untillable soils. 
Currently, range is » valuable natural resource in this 
county and is important to the farm economy. 

Range occurs in all parts of the county, but most of 
itis in the eastern part, where it adjoins the bottom lands 
along the Missouri River, ‘This area is relatively rough, 
mainly because it is cnt by many drainageways leading 
to the river. ‘The soils are stecp, havo mainly a thinly 
developed profile, and are underlain by slightly weathered 
loamy vesidin m or thin glacial till. There are also areas 
used for range along the dramage system of Square 
Butte Creek m the central and southeastern parts of 
the county and on the river breaks along the valleys 
of the Missouri River and the larger creeks. Less extensive 
areas where range is locally a major land use occur 
throughout the county, but thoy have mainly smooth 
topography. 


Range sites and condition claases 


Different kinds of soil vary in their capacity to produce 
grass and other plants for grazing. Soils that produce 
about the same kinds and amounts of forage, if the range 
is in similar condition, make up a range site. 

Range sites are kinds of rangeland that differ in their 
ability to produce vegetation. The soils of any one range 
site produce abont the same kind of climax vegetation. 
Climax vegetation is the stabilized plant community; 
it reproduces itself and does not change as long as the 
environment remains unchanged. Throughout the prairie 
and the plains, the climax vegetation consists of the 

Jants that were growing there when the region was 
rst settled. If cultivated crops ave not grown, the most 
roductive combination of forage plants on a range site 
is generally the climax vegetation. 

Decreasers are plants in the climax vegetation that 
tend to decrease in relative amount under close grazing. 
They generally are the tallest and most productive 

erennial grasses and forbs and the most palatable to 
livestock. 

Tncreasers are plants in the climax vegetation that 
increase in relative amount as the more desirable decreaser 
plants are reduced by close grazing. They are commonly 
shorter than decreasers and are generally Jess palatable 
to livestock, 

Tavaders ave plants that cannot compete with plants 
in the climax plant community for moisture, nutrients, 
and light. Hence, invaders come in and grow along with 
jnereasers after the climax vegetation las been reduced 
by grazing. Many are annual weeds, and some are shrubs 
that have some grazing value, but others have little 
value for grazing. 

Four range condition classes are used to indicate the 
degree of departure from the potential, or climax, vegeta- 
tion brought about by grazing or other uses. The classes 
show the present condition of the native vegetation on a 
range site in relation to the native vegetation that could 
grow there. 

A vange is in excellent condition if 76 to 100 percent of 
the vegetation is of the snme kind as that in the climax 
stand. It is in good condition if the percentage is 51 to 
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Tanun 3.—Lstimated average yields per acre of principal crops under two levels of management 


SOIL SURVEY 


[Columns A list yields to be expected under prevailing management and columns B list yields that can be obtained under improved manage- 


ment. Absence of a yield figure indicates that the crop is not suitable or ordinarily is not grown] 


Soil 


Alfaifa 
hay 


Alluvial land__. 


Arnegard loam, newrly 
Arnegard loam, gent 
Arnegard loam, sloping. 
Banks finc sand, rolling. 
Banks soils, gently undulating. 
Banks-Trembleg fine sandy loams, near] 
Banks-Trembles fine sandy loams, undulating 
Belfteld-Daglum silt loams, nearly level_. 

Belfield-Dagluin silt loans, gently sloping. 
Belfield-Daglun silty 


Flaxton-¥ 


Gravel pits... 


Harriet complex 


Havrelon loam _ 


Havrelon silty clay loam. 
Havrelon silty clay . - 
Havrelon-Trembles fin 


Heil silty clay. 


Lallic silty clay- 
Tallie silty clay, very wet. 
Lawther silty clay, nearly leve 
Lawther silty clay, gently sloping. 
Lefor fine sandy loam, gently sloping. 
Lihen loamy fine sand, nearly level - 
Lihen fine sandy loam, nearly level . 
Linton silt loam, sloping. 

Linton-Mandan silt loams, 


Lohler sil 


Mandan silt loam, nearly leve! 
Mandan silt loam, gently sloping 
Mandan silt toam, gravelly substratum, nearly level. 
Mandan silt Joum, gravelly substratum, gently sloping - 


See footnote at end of table. 


ay loams, nearly level 
Belfield-Daglum silty clay loams, gently sloping 
Belfield-Mortou silt loums, nearly level. 
Belfield-Morton silt loams, gently sloping. 
Belfield-Morton silt loams, sloping. 
Beltield-Strasv loams, nearly level_- 
Cabba-Shule outcrop complex, very steep. 
Cabba-Werner complex, steep_ 
Cabba-Werner complex, very steep 
Cohagen-Sandstone outcrap, very stee, 
Cohagen-Vebar fine sandy loarns, steep. 
Colvin and Regan silt loum: 
Dimmiek silty clay... .-- 
Farland silt loam, nearly | 
Farland silt loam, gently sloping_. 
Flaxton loamy fine sand, undulating 
Flaxton-Livona fine sandy loams, nearly level 
Flaxton-Livona fine sandy loams, undulating. 
Flaxton-Livona fine gandy loams, rolling. 
Flaxton-Williams foams, nearly level 
Flaxton-Williams loams, undulating. 
Flaxton-Williams soils, undulating - 
Flaxton-Williams soils, rolling. 
ams soils, hilly 
Grail silt loam, nearly level 
Grail silt loam, gently sloping- 
Grail silty clay loam, nearly lev 
Grail silty clay loam, gently sloping. 
Grail silty clay loam, sloping__ 
Grassna silt loam, nearly level_ 
Grassna, silt loam, gently sloping 
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1.5 2.0 
1.5 2.2 
1.3 19 
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190 a) 
“9 14 
-8 12 
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1,0 16 
ast 1% 
1,0 1.6 


1.6 2.0 
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9 L3 
9 13 
Lo 15 
1.0 L6 
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TaBLE 3.—Estimated average yields per acre of principal crops under too levels of management—Continued 


Wheat Barley Oats Com Alfalfa 
silage hay 
Soil - | 
Aji 8B A] BiaAlB A 3B A | B 
poe | 
Ru. Fu, Bu. Bu. | Bu. | Bu | Tons | Fons | Tons | Pons 
Mauning fine sandy loam, gently sloping 9 j2 12 16 16 21) 27) 3. 0.8 2 
Mine dumps --.-.-_- en eee eee 
Morton silt loam, nearly lev 4.3 | 1.3 2.0 
Merton silt loam, gently sloping. 3.8 12 49 
Morton gilt lou, slopi aL ad 1.6 
Morton silt loam, hilly 2.6 «0 14 
Morton-Daglum silt loams, nearly le 2.5 8 1.6 
Morton-Daglum silt loams, gently sloping 20! 7 15 
Morton-Daglum silt laams, sloping. 165 pa) 1.3 


Morton and Sen stony Joams, stoping 
Noonan-Flaxton soils, undulating. 
Parnell silt loam_.--------2 2. -- 
Parshall fine sandy loam, nearly level 
Parshall loam, nearly level___ 
Parshall loam, gently sloping. 
Parshall-Tally fine sandy loams, sloping 
Regan silb loaum ...---- Ss 


2.3 
Ls 
16 
15 
14 


Ooms 
RS 
OeN&e 


Regent siliy clay loam, nearly level_ 5 13) 19 
Regent silty clay loam, gently sloping- o G2) Ae 
Legent silty clay loam, sloping. & Td Ls 
Regent-Daghim silly clay loams, net : mi LO) 13 
Regent-Daglum silty clay loams, gently sloping a) -$) Lo 
Regent-Daglum silty clay Joams, sloping al 5 8 


Rhoades-Daglum complex, gently sloping_ 
Ringling gravelly loam, very steep. 
Riverwash. 


Savage silty loam, nearly level z 351 45) L4 1.9 
Sen-Weener Joams, sloping-___ 13 13 ig| 18] 23] 25! a0] 18 1.3 
Sen and Amor loams, nearly level 18 238 23 32] 32 41 38) 507 13 1.8 
Sen and Amor loams, gently slop 17 22 22 3. at 39] 34] 45 12 LT 

13 17 17 23 28 30 2.8 39 10 13 

12 16 16 22 22 28 2.0 2.5 8 L38 
Stady loam, nearly level__- 13 17 17 23 23 30] 24 4.4 1,0 Lt 
Stady-Lehr loams, gently sloping. 10 13 13 18 18 23] 25) 30 aa 1.2 
Stady-Lehr loams, sloping- 8 10 10 14, 14 1S] 20) 25 6 10 
Straw loam, nearly level. 48 4.5 6 14 2.0 
Straw loam, channeled. iz 
Strongly saline Jand__. ss 
Tally-Parshall fine sandy loams, gently sloping- 6 


Taily-Vebar fine sandy loams, nearly level 
Telfer-Lihen loamy fine sands, steep-----_---.--------------|.--.-- so eal iewes 
Temvik silt loam, nearly level____- 
Temvik-Williams silt loams, undulating. _ 
Temvik-Williams silt loams, rolling. 
Temvik-Williams silt loams, hilly. 
Tonka, and Parnell silt loams_. 

Vebar tine sandy loam, sloping_ 
Vebar stony fine sandy loam, hilly_ 
Vebar-Cohagen fine sandy loams, hil 
Vebar-Tally fine sandy loams, gently 


Vebar-Tally loams, undulating _ 14 
Vebar-Tally loamg, rolling___ 13 
Velva-Straw fine sandy leams. 1.8 
Wabek gravellyJoam, steeps 22 2-2 ce cecseee ee lee el let Ck lh ele Nees 
Williams loam, nearly level_ 4. 2.0 
Williams loam, undulating. -| 18 23 23 32 32 41] 3. 18 
Williams foam, rolling. - a 18 WW 17 23 23 30] 8 L7 
Williams stony loam, rolling. al senres|tansc|ecnarnleccoeslaneeuclacsece, ~+--5-|------]------]------ 
Williams-Flaxton loams, rolling -| 18 17 17 23 23) 30) 2 1.3 
Wiliams-Zabl loams, hilly_ a 10 13 13 18 18 | 23 2. Lo 
Zahl- Williams laams, hilly a - 


Zahl- Williams loams, steep_ 


1 Yields given for drained areas of these soils. 
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75; in fair condition if the percentage is 26 to 50; and in 
poor condition if the percentage is less than 25. 

Range condition is judged according to standards that 
apply to the particular range site. [t expresses the present 
kind and amount of vegetation in relation to the climax 
plant community for that site. 

Potential forage production depends on the range site. 
Current forage production depends on the range condi- 
tion and the moisture available to plants during their grow- 
ing season. 

A primary objective of good range management is 
to keep rangeland in excellent or good condition. If this is 
done, water is conserved, yields are improved, and the 
soils are protected. The problem is recognizing important 
changes in the kind of cover on a range site. These changes 
take place gradually and can be misinterpreted or over- 
looked. Growth encouraged by heavy rainfall may lead 
to the conclusion that the range is in good condition, 
when actually the cover is weedy aud the long-term 
trend is toward lower production. On the other hand, 
some rangeland that has been closely grazed for short 
periods, under the supervision of a careful manager, may 
have a degraded appearance that temporarily conceals its 
ility to rocever. 


quality and a 
Descriptions of range sites 

In the following pages, the soils, or range sites of Oliver 
Jounty are described and the climax plants and principal 
invaders on the sites are named. Also given is an estimate 
of the potential annual yield or air-dry herbage for each. 
site when it is in excellent condition. The figures for high 
and low yielcs are based on research studies of plant life 
and the estimates of trained scientists. They indicate 
yields that usually can be expected under normal varia- 
tions In weather, Extreme differences in weather, such 
as an unusually dry or a very wet growing senson, are nol, 
dered. The soils in each site can be determined by re- 
ferring to the “Guide to Mapping Units” at the back of 
this soil survey. Gravel pits, Mine dumps, Riverwash, and 
Shale outcrop were not placed in a range site. 


WETLAND RANGE SITE 

This range site consisis of low-lying soils in areas where 
water accumulates and remains Jong enough to have a 
major influence on the vegetation. Root crowns are 
typically below the water level for periods ranging from 
2 or 3 to several weeks during the growing season. The 
water may be runoff from higher areas or seepage. The 
soils are mainly silt loam and silty clay. 

Principal plants in the climex plant community are 
rivergrass, slough sedge, American mannagrass, and long- 
rooted smartweed. Plants that are common but of sec- 
ondary importence are reed canarygrass, northern reed- 
grass, and tall white aster. Several other species of tall 
wetland sedges grow in many places. 

Plants that commenly increase or invade on this site 
are slim sedge, baltic rush, and several species of butter- 
cup and swamp vervain. 

If this site 1s in excellent condition, the estimated an- 
nual yield of air-dry herbage per acre ranges from 4,500 
pounds to 7,000 pounds, 


WET MEADOW RANGE SITE 


This range site consists mainly of soils that, are subject to 
plentiful end consistent seepage. Water normally stands 
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on these soils for only brief periods of time, but a water 
table is close to the surface until around midsummer, The 
degree of wetness in fhe seeped soils of this site is inter- 
mediate between that of soils in the Wetland and Sub- 
irrigated sites. Also in the site ave soils in shallow basins 
where water normally accumulates during spring ranoff 
or after heavy rains. Internal drainage is rapid in these 
basins, and this results in an average degree of wetness 
comparable to that of the seeped soils in the site. The 
seeped soils have a thick surface ayer in which the con- 
tent of organic-matter is high. Most of the soils in basins 
have a pronounced Icached layer immediately bencath a 
thick surface layer. 

Principal plants in the climax plant community are 
woolly sedge, slim sedge, northern reedgrass, prairie 
cordgrass, Ridberg's sunflower, swamp vervain, and 
false aster. 

Plants that commonly increase on this site are mat, 
muhly, common spikesedge, baltic rush, and some species 
of bulrush. 

Tf this site is in excellent condition, the estimated an- 
nual yield of air-dry herbage per acre ranges from 3,600 
pounds to 5,000 pounds. 


SHALLOW RANGE SITE 

is range site is the most extensively used site for 
range in the county. It consists of soils 10 to 20 inches 
deep over residual rock that is weathered to varying 
degrees. The partly weathered underlying rock is mainly 
soft, but it is hard in a few places. Even the soft rock re- 
tains a stratified form and a platy structure that restricts 
root penetration. The soils are rolling, hilly, steep, or 
very steep. Some of the normal precipitation runs off, 
and « slight degree of geologic erosion has taken. place. 
Ti is especially iraportant to retain a considerable propor- 
tion of the herbage grown each year. The site is quite 
vulnerable (o damage from continued overgrazing. 

Principal plants in the climax plant community are 
little bluestem, plains muhly, side-oats gruma, stiff sun- 
flower, purple coneflower, purple prairie-clover, and dwarf 
wild-indigo. 

Plants that commonly increase on this site are pasque- 
flower or common crocus, threadleaf sedge, gray sagewort, 
white penstemon, and woolly eoldenrod. 

Hf this site is in excellent condition, the estimated an- 
nual yield of air-dry herbage per acre ranges from 1,300 
pounds to 1,800 pounds. 


CLOSED DEPRESSION RANGE SITE 

This range site consists only of Heil silty clay. This 
soil is in flat-bottomed basins that vary in size but are 
mainly small. Generally, these basins are shallow but 
have no outlets. The area of land contributing runoff 
is small in proportion to the area of the basin. Thus, 
the amount of extra water received on the site is in- 
termittent and. highly variable. The amount of water 
available affects the composition of the plant cover. 
The composition varies from one site to another and 
from one period of years to another, depending upon 
seasonal moisture. 

Principal plants in the climax plant community are 
western wheatgrass, slender wheatgrass, and mid to 
tall wetland sedges. In some places, foxtail barley, inland 
saltgrass, and fowl bluegrass are abundant. A few broad- 
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leaf plants, mainly weeds, are generally present. These 
include some species of dock, cinquefoil, and smartieed. 
If this site is in excellent condition, the estimated 
annual yield of air-dry herbage per acre ranges from 
2,060 pounds to 2,750 pounds. 


OVERFLOW RANGE SITE 

This range site consists of soils that regularly receive 
a significant amount of water in addition to the water 
they receive by precipitation. The additional water is in 
the form of flooding or surface ranoff from higher areas. 
Soils in this site sre mainly on low terraces or bottom 
lands along streams or in nearly level nreas at the base of 
long slopes. 

Principal plants in the climax plant community are 
big bluestem, green needlegrass, western wheatgrass, 
and several species of perennial sunflower, goldenrod, 
and aster, A small amoung of native legumes is generally 
present, 

There is a strong tendency for Kentucky bluegrass to 
invade the plant cover on these soils, especially if grazing 
is heavy. 

If this site is in excellent condition, the estimated 
annuil yield of air-dry herbage per acre ranges from 
2,200 pounds to 3,300 pounds. 


SALINE LOWLAND RANGE SITE 


This range site consists mainly of soils on salty bottom 
lands and Jow terraces. Ordinarily, the soils receive some 
extrn water either from surface runoff or seepage. Seepage 
is the major source. These soils are mainly on the lewer 
terraces along the larger streams, on ancient flat-bottomed 
drainage channels that remain as imperfectly drained 
swales, end on flats bordering small lakes that have no 
outlets and that collect runoff from a sizable watershed. 

Principal plants in the climax plant community are 
Nuttall alkaligrass, plains bluegrass, alkali cordgrass, 
alkali bulrush, and inland seligrass. Sali-tolerant species 
of slender wheatgrass and western wheatgrass are prev- 
alent in places. Broadleaf plants common to this site 
are silverweed cinqucfoil, arrow podgrass, alkali plantain, 
and seublite. 

If this site is in excellent condition, the estimated 
annual yield of air-dry herbage per acre ranges from 
1,900 pounds to 2,550 pounds. 


SANDS RANGE SITE 

This range site consists of coarse-textured soils that 
have been in place long enough to become well enriched 
with organic matter. They are mainly on rather smooth 
terram m Oliver County, and they formed in wind- 
deposited material. 

Principal plants in the climax plant community sre 
ptuirie sandreed, needle-and-thread, sun sedge, prairie 
junegrass, soft goldenrod, heath aster, and prairie spider- 
wort. Sevoral specios of small, woody plants are quite com- 
mon on the site, Leadplant amorpha is rather generally 
distributed, and western snowberry and Woods rose grow 
in some favored places. 

If this site is in excellent condition, the estimated 
annul yield of air-dry herbage per acre ranges from 
1,800 pounds to 2,500 pounds. 
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SANDY RANGE SITE 

This range site consists muinly of deep anc moderately 
deep soils that have a moderately thick, organically en- 
riched surface layer. The soils are well drained. Thoy are 
mainly nearly flat to undulating, but some are rolling 
or hilly. he soils are mainly coarse textured, but they 
are associated with medium-texturcd soils in places and 
with shallow soils on hills and ridges. Most of the soils 
ormed in wind-deposited materials derived from glacial 
outwash. 
Principal plants 
rairie sandreed, 
and sun sedge, anc 


in the climax plant community are 
needie-and-thread, threadleaf sedge, 
in places there is a significant under- 
story of blue grama or hairy grama, Most common of these 
plants are species of goldenrod, sagewort, penstemon 
aster, groundsel, western yarrow, silvetleaf scurf-pea, 
anda few biennial species of the mustard family. 

If this site is in excellent condition, the estimated 
annual yield of air-dry herbage per acre ranges from 
1,700 pounds to 2,300 pounds. A wide varicty of broad- 
eaf plants generally makes up about 26 percent of the 
yield. 


SILTY RANGE SITE 

This range site consists mainly of well-drained, medinm- 
textured soils that have a surface layer that has organic 
enrichment about typical for the climate. There are also 
finer textured soils that because of they granular structure 
have permeability about equal to that of the coarser soils 
on the site. The site is mainly on relatively smooth terrain, 
where the soils formed mainly in weathered residual rock 
and glacial drift, but a small acreage is on stream torraces, 
on glacial outwash flats or in channels, and in areas of 
windblown silt: deposits. 

Principal plants in the climax plant community are 
western wheatgrass, green needlegrass, and prairie june- 
grass. Needle-and-thread is generally important where 
sls do not have a high content of clay. A wide 
y of broad{eaf plants generally make up 15 to 20 
percent of the plant cover. Among these plants are cud- 
weed sagewort, western yarrow, heath aster, Missouri 
goldenrod, American vetch, and silverleaf scurf-pea. 
There is generally a minor understory of blue grama and 
dryland sedges, except in areas where these plants have 
increased because of overgrazing. 

Tf this site is in excellent condition, the estimated 
annual yield of air-dry herbage per acre ranges from 1,600 
pounds to 2,200 pounds. 


CLAYEY RANGE SITE 


This range site consists of the more friable, fine-textured 
soils that have a moderately thick, organically enriched 
surface Iayer and are well drained. They are mainly on 
smooth plains. The soils formed in secondary residual 
materials. Much of this site is underlain by a degraded 
claypan, 

Principal plants in the climax plant community are 
western wheatgrass, green needlegrass, and plains reed- 
grass. Broadleaf plants are less abundant on the soils 
of this site than on coarser textured soils, although several 
species are quite common. Milkvetehes, blue wild lettuce, . 
wild parsley, scarlet globe mallow, and several species of 
perennial wild mustard are more prevalent than other 
broadleaf plants. There is generally a significant under- 
story of blue grama, needleleaf sedge, and Hoods phlox. 
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Tf this site is in excclloent condition, the estimated an- 
nual yield of air-dry herbuge per acre ranges from 1,500 
pounds to 2,200 pounds. 


THIN UPLAND RANGE SITE 


This range site consists of medium-textured soils that 
are hilly to rolling. The soils are subject to rapid runoff 
and have a thin, organically enriched surface layer. They 


mainly occupy knobs and ridges in 
raines and side slopes of coulees and 


areas of glacial mo- 
larger drainagoways 
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smaller size. Short grass and drought-tolerant forbs 
make up a larger percentage of the total production, 

lt this site is in excellent condition, the estimated 
annual yield of an-dry herbage per acre ranges from 
600 pounds to 800 pounds. 


THIN SANDS RANGE SITE 


This range site consists only of Banks fine sand, rolling. 
This soil is deep and somewhat excessively drained. It 


has a thin, organically enriched sur 


ace layer. This soil 


that ave mantled with glacial till. The slopes are generally 


quite smooth and completely vegetated. 


Principal plants in the climax plant community are 


little bluestem, plains muhly, sicde-oats 


spike wheatgrass. Among the brondlea: 


graina, and thick- 
f plants generally 


prevalent are stiff simflower, dotted ene purple 


coneflower, white penstemon, and 


A small number of dwar! wild-indigo, prairie r 


other woody plants are commen in t 


purple prairie-elover. 
ec, and 


he plant cover. 


is younger than the thicker soils in the Sands range site. 
Low natural fertility and available water capacity are 
reflected in a much lower annual plant yield than is 
obtained on the Sands rango site. 

In Oliver County this site is only in areas of wind- 
blown deposits that are on and adjncont to bottom lands 
along the Missouri River. These deposits are on rolling 
terruin and are piled too high to receive any bencht 
fron a higher water table or from overflow, The materials 


If this site is in excellent condition, the estimated an- 


nual yield of air-d 


ry herbage per acre ranges froin 1,350 


originated from al 
flooding. ‘This allu 


uvium carried in during periods o 
vium becomes windborne when the 


to 1,900 pounds. 
CLAYPAN RANGE SITE 
Vhis range site consists of soils that have a moderately 
fine textured to moderately coarse textured surface layer 
and 2 tight layer of subsoil that greatly restricts downward 
ercolation of water and the penetration of plant roots. 
This highly impervious layer is mainly at a depth of 5 to 10 
inches and greatly reduces the amount of soil mass from 
which roots can draw effectively. The site is mainly on 
smooth Jand but there is also gently sloping to flat topog- 
raphy. The land surfnee is typically pock-marked by 
small dips or shallow depressions where the surface layer 
is less than 1 inch thick. In these smal! scattered areas the 
very hard layer thut has been exposed is locally known as 
“scab spots,” “slick spots,” or “pan spots.” 
The vegetation. on this sitc is quite different from place 
to place, depending on the thickness of the topsoil over 
the claypan, Slick spots are sparsely vegetated in places 
and are barren in others, Principal plants in the climax 
plant coramunity are wostern wheatgrass, plains reed- 
grass, and blue grama. Inland saltgrass is prevalent, 
especiully in. places where the site is affected by seepage. 
Needlelenf sedge and Sandberg bluegrass are prevalent in 
some places. Broadleaf plants and woody plants are gen- 
erally not important, but « few species, such as Hoods 
phlox, scarlet globemallow, and broom snakeweed, are 
generally present. A small amount of pricklypenr cactus 
is generally present. 
If this site is in excellent condition, the estimated an- 
nual yield of air-dry herbage per acre ranges from 1,050 
pounds to 1,550 pounds, 


THIN CLAYPAN RANGE SITE 


This range site consists only of the Rhoades soil in 
the Rhondes-Daglum complex, gently sloping. These 
soils are similar in make-up to those in the Claypan 
range site, but because of a few basic differences, they 
do not produce as well and are less valuable. A claypan 
lies at a depth of 2 to 5 inches. The area of slick spots 
or scab spots in this range site is considerably larger 
than that in the Claypan range site, 

Vegetation is quite similar in composition to that of 
the Claypan range site, but individual plants attain 


sandbars dry out at the surface. 

Principal plants in the climax plant community are 
sand bluestem, sand dropseed, Canada wildrye, and 
prairie sandreed. A high proportion of the plant cover 
is generally broadleaf plants. ield sagewort, prairie 
spiderwort, hairy goldaster, silky prairic-clover, and 
lemon scurf-pea ate more common than other broadleat 
plants. Among the woody plants, quite prevalent on the 
site in places, are Jeadplant amorpha, Woods rose, and 
wostern snowberry. 

Tf this site is in excellent condition, the estimate 
annual yield of air-dry herbage per acre ranges from 
1,250 pounds to 1,750 pounds per acre. 


VERY SHALLOW RANGE SITE 


This range site consists only of Wabek gravelly loam, 
steep. ‘This soil ia underlain by gravel and coarse sand 
at a depth of less than 10 inches. This site has a very 
shallow effective rooting zone for range plants snd is 
considered droughty. It occurs mainly on the edges of 
smooth, glacial outwash terraces. 

Prineipal plants in the climax plant community are a 
small form of needie-and-thread, plains mulily, red 
threé-awn, blue grama, and threadlenf sedge, A high 
proportion of the plant cover is generally drought-tolerant 
forbs. Broom snakewced, ironplant goldenweed, scarlet 
globemallow, Hoods phlox, and common winterfat are 
more common than other drought-tolerant forbs. There 
are generally significant amounts of fringed sage. 

If this site is in excellent condition, the estimated 
annual yield of air-dry herbage per acre ranges from 700 
pounds to 950 pounds, 


SHALLOW TO GRAVEL RANGE SITE 

This range site consists of well-drained soils that have a 
surface layer of loam underlain by gravel and sand at a 
depth of 10 to 20 inches. The growth of plant roots is 
restricted mainly to the soil material above the deposits of 
gravel and sand. These soils have low available water 
capacity. The site is on smooth glacial outwash fans or on 
terraces, 

Principal plants in the climax plant community are 
needle-and-thread, plains muhly, blue grama, red three- 


OLIVER COUNTY, 


awn, prairie junegrass, dotted gayfeather, fringed sage, 
scarlet globemallow, and skeletonweed. 

Tf this site is m excellent condition, the estimated an- 
nual yield of air-dry herbage per acre ranges from 1,150 
pounds to 1,450 pounds. 


Woodland and Windbreaks * 


Oliver County has approximately 2,050 acres of native 
woodland. Most of the trees and shrubs grow on Havrelon, 
Lohler, Trembles, Arnegard, Grassna, Grail, Mandan, 
and Parshall soils on the Missouri River bottom Jands 
and on adjacent draws and breaks. ‘They also are on the 
Straw soils along prominent creeks, such as Square Butte, 
Sherk, and Otter Creeks. 

‘The principal trees and shrubs are cottonwood, green 
ash, American elm, boxelder, bur oak, chokecherry, 
thornapple, wild plum, juneberry, redosier dogwood, 
Woods rose, and shrub willows. 

The early settlers used the trees for lumber, fenceposts, 
and fuel. Today, however, the trees and shrubs are used 
mainly for livestock protection, wildlife habitat, recrea- 
tion, esthetics, erosion. control, and watershed protection. 

Windbreaks have been planted since the days of the 
early settlers. In most places early plantings were for pro- 
tection of the farmstead and livestock. A need for these 
plantings still exists around many of the farmsteads. The 
planting of field windbreaks to help control soil erosion is 
increasing in cultivated areas where the hazard of soil 
blowing is serious. On thousands of acres in Oliver County, 
some form of wind protection is needed. 

Windbreaks return many economic and environmontal 
benefits fo the landowner. They distribute and hold 
snow that might otherwise become a problem around tho 
farmstead, protect the home and livestock from the 
cold, wintery winds that raise the cost of fuel and feed; 
protect field crops, gardens, and orchards from strong, 
damaging winds; reduce evaporation of moisture; provide 
a suitable habitat for many kinds of birds and other 
wildlife; help control soil erosion; and enhance the beauty 
of the rural home and its surroundings. 

Items to consider before a windbrcak is planted are 
the purpose of planting, the suitability of soils, the 
adaptability of trees and shrubs, and the location. Im- 
properly designed windbreaks cause many difficulties. 

Establishment of a windbreak and continued growth 
of the trees depend upon careful selection of the site, suit- 
able preparation, and adequate maintenance. Grass and 
weeds should be eliminated before the frees are planted, 
and regrowth of the ground cover should be controlled 
for the entire life of the windbreak, Some replanting is 
likely to be needed during the first and second years. 


Suitability of trees and shrubs for windbreak 

plantings 

Table 4 gives the height and vigor for most of the 
trees and shrubs used in windbreak plentings. Tt gives 
the actual or estimated average height and the vigor of 
the various species ut 20 years of aye. All measurements 
and ratings are for well-managed plantings. In the column 
headed “Vigor” the trees are rated for density of foliage, 
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freedom of damage by insects or disease, and general 
appearance, 

A plant that has a rating of “good” generally exhibits 
one or more of the folowing: The color and growth of 
leaves or needles are normal; small amounts of deadwood 
(tops, branches, twigs) occur within. the live crowns; 
evidence of discasc and insect or climatic damage is 
limited; and the evidence of stagnation or suppression, 
if any, is slight. 

A plant that has a rating of “fair’ exhibits one or 
more of the following: The color and growth of leaves 
or needles are obviously abnormal; substantial amounts of 
deadwood (tops, branches, and twigs) occur within. the 
live crowns; evidence of some discase and insect or climatic 
damage is obvious; definite suppression or stagnation 
exists; and the current year’s growth is obviously Jess 
than normal. 

A plant that has a rating of “poor” exhibits one or 
more of the following: the color and growth of leaves or 
needles are abnormal; very large amounts of deadwood 
(tops, branches, and twigs) occur within the live crowns; 
evidence of extensive damage from disense, insects, or 
climate is obvious; plants show the eflects of severe 
stagnation, suppression, or decadence; and current year’s. 
erowth is essentially negligible. Plants that have a rating 
of poor are not suited to farmstead, feedlot, or field 
windbreaks, but they may be satisfactory for some 
wildlife and beautification plantings. 


Descriptions of windbreak groups 


The soils of North Dakota are in ten windbreak groups. 
all of which are found in Oliver County. The growth 
response of adapted trees and shrubs is generally the same 
for all of the soils in each group, if good management 
practices are used. 

The height and yigor of adapted trees and shrubs are- 
listed by windbreak groups in table 4. The vigor and 
height for windbreak groups 9 and 10 are not given in the 
table because these groups are not desirable sites for 
trees and shrubs. Gravel pits, Mine dumps, Riverwash, 
the Shale outcrop part of the Cabba-Shale outcrop com- 
plex, very steep, and the Sandstone outcrop part of the 
Cohagen-Sandstone outcrop complex are not placed in 
windbreak groups. 

Several factors are used in grouping soils into windbreak 
groups, but the dominant and most critical factor is the 
amount and seasonal availability of soil moisture to the 
trees. Hencs, in most groups the soils have a rather wide 
range of slope and of texture in the surface layer. These 
tivo soil characteristics largely determine the hazard of 
soil blowing and water erosion. The degree of slope also 
determines the need for water and the management 
practices used on soils that have no other limiting 
characteristics, 


Susceptibility to soil blowing in soils used for windbreaks 
is very scrious for coarse-textured soils, serious for 
moderately coarse textured soils, moderate to slight for 
medium-textured soils, slight for moderately fine textured 
soils, and serious for fine-textured soils. Susceptibility 
to water erosion is none to slight where slopes are 0 to 3 
percent, moderate where slopes are 8 fo 6 percent, 
serious where slopes are 6 to 9 percent, serious to very 
serious where slopes are 9 to 12 percent, and very serious 
where slopes are 12 percent or more. 
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TABLE 4.—Height and vigor of trees and 
[Height measurements and vigor ratings 
Windbreak group— 
Trees and shrubs _ ee 
L 2 
Vigor Height Vigor Height Vigor | Hcight 
Conifers Heel Feet eet 
Blaek Hills spruce, Colorado blue spr -| Good. 18-20 16-18 | Good. _- 17-19 
Kastorn redeedar or Recky Mountain juni jood_ 10-12 12-14 | Good. 10-12 
Ponderosa pine Good. 18-20 18-20 | Good. 18-20 
Deciduous shrubs: 
Caragana___------------------------------ Good... a 8-10 
Chokecherry - Good. 11-12 | 
Honeysuckle Good_ 8-10 
Wild plum. _- Guod. 6-8 
| | 
Deciduous tr 
Amerigan elnt 21-23 | Good..___---_- 
Cottonwood. Fair to good -| 42-46 | Poor to good 
Green ash. Good_ -| 20422 } Good. 
Russian-olive. .| Fair. -| 14-16 | Fair 2 
Siberian ebn- -| Good. -| 28-30 | Good. ____ 
Il 


On all soils that ave suited and planted to windbreaks 
and that have slopes of more than 6 percent, practices that 
conserve water are needed for satisfactory tree growth. 
On ull soils where soil blowing or water erosion is a hazard, 
specialized site preparation, planting, and cultivation 
practices are needed for successful establishment and main- 
tenance of plantings. The water table is beyond the reach 
of tree roots in nearly all soils in groups 3 through 10, 
except for several soils in group 10. These soils are very 
wet during at least part of the year, and a lew have 
additional limitations that are critical for the growth of 
trees and shrubs. 


WINDBREAK GROUP 1 


In this group are deep, well-drained, or moderately 
well drained, nearly level to sloping soils of the Arnegard, 
Grail, Grassna, Tlayrelon, Lobler, Parshall, Straw, 
Trembles, and Velva series. These soils are loamy or clayey. 
Soil moisture is favorable for survival and growth of 
trees and shrubs. The water table is within reach of tree 
roots in the Havrelon, Lohler, Straw, und Trembles soils. 
Arnegard, Grail, and Grassna soils receive extra moisture 
in the form of runoff from surrounding higher areas. 

These soils are well suited to all types of windbreaks 
and plantings. Except on soils where soil blowing is a 
serious hazard, there are no serious hazards or limitations 
that affect the planting of trees and shrubs. 


WINDBREAK GROUP 2 

In this group are deep, poorly drained or very poorly 
drained, nearly level soils of the Colvin, Lallie, Regan, 
and ‘Tonka scries and drained soils of the Dimmick, 
Parnell, and Lallie series. These soils are loarny or clayey. 
Salinity is low to moderate in the subsoil and underlying 
material. These soils are pornded or have o high water 
table. Without drainage, they are poorly suited or not 
suited to trees and shrubs. 


These soils are well suited to all types of windbreaks 
and plantings if they are adequately drained. The number 
of adapted trees and shrubs is move limited on Colvin and 
Regan soils than on other soils in. this group. 

The hazard of soil blowing is serious on. the Colvin and 
Regan soils in this group because they have a high lime 
content, but it is also serious on the drained clayey soils. 
The high lime content is a limiting factor, but wetness 
is the only critical limitation. 


WINDBREAK GROUP 4 

In this group are loamy, well-drained, nearly Jevel to 
hilly soils of tho Amor, Farland, Linton, Mandan, Morton, 
Regent, Savage, Sen, Temvik, and Williams series. These 
soils are deep or moderately deep to solt bedrock. It care 
is taken to conserve moisture, nearly all adapted trees and 
shrubs can be grown on these soils. 

These soils are well suited to all types of windbreaks and 
plantings. 

Except on the soils where soil blowing or water erosion 
is a hazard, there are no scrious hazards or limitations that 
uflect the planting of trees and shrubs. On most of the soils, 
soil blowing is only a slight hazard. 


WINDBREAK GROUP 4 

In this group are deep, well-draimed or moderately swell 
drained, nearly level to sloping soils of the Belfield and 
Lawther series, These soils are loamy or clayey and have 
a clayoy subsoil. Because only a limited number of species 
of trees and shrubs grow well on these soils, there is 1 
need. to be selective in the choice of species to be planted. 

These soils are suited to all types of windbreaks and 
plantings, if a propor selection of tree and shrub species 
is made. 
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shrubs by windbreak suitability groups 


are for trees at 20 years of age] 


Windbreak group—Continued 


Vigor Teight Vigor 


Height Vigor Height Meight 


Good. 
Bair. 
Good. 


Good__ 
Good. 
Good. 


18-20 


Feet 


Water erosion and soil blowing are slight to severe haz- 
ards on the soils in this group. The only criticnl limita- 
tion is the clayey texture of the subsoil. 


WINDBREARK GROUP & 

In this group are wellxlrained, nearly level to hilly soils 
of the Flaxton, Lefor, Liben, Livonn, Tally, and Vebar 
series. These soils are deep or moderately deep to soft 
bedrock and are loamy or sandy in texture. Most of the 
precipitation is absorbed by these soils, but some is lost 
through runoff, Available water capacity is generally 
moderate but it is high in the Livona soils and in most of 
the Flaxton soils in this group. The number of species that 
grow well on these soils is limited. Only adapted species 
should be planted. 

Tf the proper selection of species is made, these soils 
are suited to all types of windbreaks and plantings. 

The hazard of erosion is severe, but: the main limitation 
is the moderate available water capacity of most of the 
Boils WINDBREAK GROUP & 

In this group are somewhat excessively drained or well- 
drained, neatly level to sloping soils of the Lehr, Manning, 
and Stady series. These soils are shallow or moderately 
deep to sand and gravel and are loamy in texture. Most 
of the precipitation is absorbed by the soils, but it moves 
very rapidly through. the underlying material of sand and 
gravel. Available water capacity is low. 

The Manning and Stady soils are poorly suited to all 
types of windbreaks and plantings. Plantings can be 
established by proper selection of species where survival, 
growth, and vigor are not required or expected to be 
optimum, Lehr soils are poorly suited to wildlife habitat, 
recreation, and beautification plantings. They are not 
suited to windbreak plantings. 


These soils are subject to slight to serious erosion. Low 
available water capacity and a restricted rooting zone 
are critical fimitations. 


WINDBREAK GROUP 7 

In this group are deep, somewhat excessively drained 
or excessively drained, nearly levcl to hilly, sandy soils 
of the Banks and Teller series. Most of the precipitation 
is absorbed by the soils, but little is retained. They have 
a Jow available water capacity. The selection of adapted 
species is limited. 

These soils ave suited to plantings for wildlife habitat 
recreation, and beautification, where survival, growth, 
and vigor are not required or expected to be optimum. 
They are poorly suited to field windbreaks. 

Soil blowing is a serious hazard, and water erosion is & 
slight to moderate hazard. Low available water capacity 
is the critica] limitation. 


, 


WINDBKEAK GROUP § 

This group consists of deep, well-drained, hilly or steep, 
loamy soils of the Znahl series. These soils have convex 
slopes. Most of the precipitation runs off these soils. 
They have high available water capacity, but excessive 
runoff restricts the intake of water and the amount of 
water available to trees and shrubs. 

Those soils are not suited to field windbreaks, They are 
suited to plantings for wildlife habitat, recreation, and 
beautification where survival, growth, and vigor are not 
required or expected to be optimum. 

Water erosion is a very serious hazard. Steepness is the 
main limitation. It causes excessive runoff and low intake 
of water, 


8&2 


WINDEBREAK GROUP 9 


In this group are deep, moderately well drained or 
oorly drained, nearly level to slopmg, loamy soils of the 

Bagh, Harriet, Noonan, and Rhoades series. These 
soils have a dense claypan subsoil, They have a nonsodic 
and nonsaline root zone that is generally less than 26 
inches thick. Available water capacity is low in the 
Rhoades soils, but moderate in the ather soils. 

These soils are not suited to any type of windbreak or 
planting, but they occur in complexes with other soils 
that ave snited to trees and shrubs. Other soils in the 
complex are suited to trees and shrubs for wildlife habitat, 
recreation, or beautification, if the trees and shrubs are 
planted by hand. 

Soil blowing is o slight hazard, and water erosion is a 
slight to severe hazard. The main limitations are the 
restricted rooting zone, the moderate or low available 
water capacity, and the toxicity of salts, 


WINDBREAK GROUP 10 


This group consists of soils in the Cabba, Cohagen, 
Dimmick, Heil, Lallie, Morton, Parnell, Regan, Ringling, 
Sen, Vebar, Wabek, Werner, and Williams series, and. 
Alluvial land and Strongly saline land. ‘The Dimmick 
soils in this group are not drained; the Regan soil is very 
wet; the Morton, Sen, Vebar, and Williams soils are stony ; 
and the Cabba, Cohagen, Ringling, Wabek, and Werner 
soils are sloping to very steep. All the soils in this group 
have a wide range of depth, texture, drainage, and slope. 
Thoy all have one or more characteristics that are highly 
critical to the planting, survival, vigor, and growth of 
trees and shrubs. These are soils that are too waterlogged, 
low in available water capacity, stony, rocky, shallow, 
sodic, saline, steep, infertile, restrictive, or erodible to be 
stuted to trees and shrubs. 

‘These soils are not suited to windbreak plantings, but 
the Dimmick, Lallie, Morton, Pammell, Regan, Sen, Vebar, 
and Williams soils and Alluvial land can be planted by 
hand for wildlife habitat, recreation, and beautification. 
Proper care is needed in selecting the planting sites and in 
choosing adapted trees and shrubs. 

Erosion is a slight to serious hazard. Depending on the 
particular soil, the limitations are wetness, stoniness, 
slope, rockiness, shallowness, infertility, salinity, and high 
sodium. content, as well as restrictions related to available 
water capacity and depth to the rooting zone. 

Wildlife * 

Wildlife resources in Oliver County provide a major 
source of outdoor recreation for people in the survey area. 
They also contribute significanily to the economic well- 
being of the county because some furnish hunting, some 
help to control insects, and others arc fur bearers. 

The most important present-day game are sharp-tailed 
grouse, white-tailed deer, waterfowl, antelope, ring-neck 

hheasant, wild turkey, and gray partridge. Other less 
important game are the mourning dove and the fox 
squirrel. Hunting for ducks and geese is available along 
the Missouri River, and waterfowl can also be hunted on 
artificial impoundments created mainly for watering 
livestock and on a limited acreage of natural wetland that 
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provides shelter for the waterfowl, Furbearers of economic 
importance in the county are mink, jackrabbit, and red 
fox. The red fox and rabbit also provide much outdoor 
recreation and sport for hunters. 

Most public fishing in Oliver County is done in the 
Missouri River, but some is provided by water artificially 
impounded behind dams. Among these are Van Oosting 
Dam, Mosbrucker Dam, and Nelson Lake. A small 
number of fishponds also provide limited fishing (fig. 13). 
The fish most commonly sought in the Missouri River 
are walleye, northern pike, sauger, and catfish, and those 
mainly in artificial impoundments are largemouth bass, 
bluegill, crappie, perch, and rainbow trout. 

The habitat for most wildlife can be created, improved, 
or maintained by managing existing vegetation, planting 
suitable vegetation, inducing natural regeneration of 
desired plants, moving earth to improve the habitat, or 
using a combination of these measures. 

In table 5 the suitability of soils in Oliver County is 
shown for three wildlife groups, based on the ability of the 
soil to provide the various elements of habitat. The wild- 
life groups are farmland wildlife, rangeland wildlife, and 
wetland wildlife. The elements of wildlife habitat were 
considered and, in turn, weighted for the general wildlife 
groups. Not considered were present. land use; size, sliuupe, 
and extent of each soil area; relationships between soil 
teas; and the mobility of the wildlife. The suitability 
ratings in table 5 should be used as an aid in the selection 
of sitcs for general kinds of wildlite habitat or as an indi- 
cation of the management intensity needed to produce 
satisfactory results. They provide a means of grouping 
soils for broad-scale wildlife planning, and they help 
landowners learn what management practices should be 
used. 

Four levels of suitability are recognized—good, fair, 
poor, very poor. Good means that there are few or no sot 
imitations for the particular wildlife group. Fair means 
that the habitat for the wildlife group can be created, 
improved, or maintained, but there are moderate soi 
limitations. Poor means that the habitat can be created, 
improved, or maintained, but there are severe soil limits- 
tions. Very poor means that creating, improving, or 
maintaining the habitat is not possiblé or not feasible. 

The elements selected and weighted for farmland and 
rangeland wildlife are tame grasses and legumes, native 
herbaceous plant communities, plunted woody plants, 
and native woody plants. For farmland wildlife, grain 
and._seed crops were also selected. The elements for wetland 
wildlife are natural wetlands, improved wetlands, and 
native woody plants. 
Varmland wildlife are gray partridge, pheasant, cotton- 
tail rabbit, red fox, goldfinch, ground squirrel, and 
introduced or native wildlife that are tolerant of or 
dependent on disturbed soil or annual plants. 
Rangeland wildlife are big-game animals, sharp-tailed 
grouse, coyote, horned lark, Jackrabbit, field sparrow, and 
other similar range-dependent wildlife. 
Wetland wildlife are ducks, herons, shorebirds, mink, 
muskrat, gecse, coot, and othet animals that normally 
are dependent on natural wetlands. 

Although not shown in table 5, woodland wildlife 
inhabit weeded areas of the county, They are wild 
turkey, thrushes, vireos, mourning dove, wayblers, 
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Figure 13.—Farm pond that is 40 feet deep. It is used for recreation, and it is stocked with rainbow frout. 


flycatchers, fox squirrel, red squirrel, gray fox, white- 
tailed deer, raccoon, cottontail rabbits, and other animals 
that normally frequent naturally wooded areas. The 
clements of ‘habitat considered for woodland wildlife 
are woody plants, native herbaceous plants, and tame 
grasses and legumes. 


Recreational Development * 


Knowledge of soils is necessary in planning, developing, 
and maintaining areas used for recreation. In table 6 the 
soils of Oliver County are rated according to limitations 
that affect their suitability for play areas, camp areas, 
picnic areas, and paths and trails. 

In table 6 the soils are rated as having slight, moderate, 
or severe limitations for the specified uses. For all of these 
ratings, it is assumed that a good plant cover can be 
established and maintained. A slight limitation means 
that soil propertics are generally favorable and limitations 
are so minor that they easily can be overcome. A moderate 
limitation can be overcome or modified by planning, by 
design, or by special maintenance. A severe imitation 
means that costly soil reclamation, special design, intensive 
maintenance, or a combination. of these is required. 

Play areas are used intensively for baseball, football, 
badminton, and similar organized games. Soils suited to 
this use must withstand intensive foot traffic. The best 
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soils for this purpose are level, free of coarse fragments 
and rock outcrops, well drained, free of flooding during 
periods of heavy use, and firm after rains but not dusty 
when dry. If grading and leveling are required, depth 
to rock is important. 

Camp areas are used intensively for tents, small camp 
trailers, and the accompanying activities of outdoor 
living. Little preparation of the site is required, other 
than shaping and leveling for tent and parking areus. 
Camp areas are subject to heavy foot traffic and limited 
vehicular traffic. The best soils have mild slopes, good 
drainage, a surface free of rocks and coarse fragments, 
freedom from flooding during periods of heavy use, and 
a surface that is firm after rains but not dusty when dry. 

Picnic areas are attractive natural or landscaped tracts 
used mainly for preparing meals and eating outdoors. 
‘These areas are subject to heavy foot traffic. Most of the 
vehicular traffic, however, is confined to access roads. 
The best soils for this purpose are firm when wet but 
not dusty when dry, are free of flooding during the scason 
of use, and have no slopes or stoniness that greatly in- 
creases the cost of leveling sites or building access roads, 

Paths and trails are used for local and cross-country 
travel on foot or horseback. Design and layout should 
require little or no cutting and filling. The best soils for 
paths and trails are at least moderately well drained, are 
firm when wet but not dusty when dry, are flooded not 
more than onee during the season of usc, have slopes of 
less than 15 percent, and have few or no vocks or stones 
on the surface. 
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Tauby 5—Suilability to kinds of wildlife 


Wildlife 
Mapping unit ae Sie: 

Farmland Rangeland Wetland 
Alluvial land. -| Very poo Good_- Good. 
Arnegard loam, nearly level. _ a Good__ Poor, 
Arnegurd loam, gently sloping. = Good. - Very poor. 
Armegard loam, sloping i. Fai: Very poor. 
Banks fine sand, ralling. al Fai Very poor, 
Banks soils, gently undulating. | Fai: -| Very poor. 
Banks-Trembles fine sandy Joams, nearly le a Good_- -| Very poor. 
Banks-Trembles fine sandy loams, undulating Good. -| Very poor, 


Belfiold-Daglim silt lowms, nearly level. Poor. 


-| Very poor. 
Belfield-Daghim silt loums, gently sloping. 


-| Very poor. 


Belfield-Dagium silty clay loums, nearly levi 3 Very poor. 
Belfield-Daglum silby clay loans, gently a -| Very poor, 
Belfield-Morton silt loams, nearly level. _ a -| Very poor. 
Belfield-Morton silt loams, gently sloping- . -| Very poor. 
Beltield-Morton sill loams, sloping- 7 -| Very poor. 
Belfield-Straw loams, nearly evel S -| Very poor, 
Cabba-Shale outcrop complex, ve a -| Very poor. 
Cabba-Werner complex, sheep -_ 4s -| Very poor, 
Cabba-Werner complex, very steep -| Very poor. -| Very poor. 
Cchagen-Sandstone outerop, very steep_ Very poor. -| Very poor, 


Cohagen-Vebar fine sandy loams, steep 
Colvin and Regan silt loams 
Dimmiek silty clay. —_--. 

Farland silt loam, nearly level. 
Farland silt loam, gently sloping-- 
Flaxton loamy fine sand, undulating 
Flaxtou-Livona fine sandyloams, nearly leve 
Flaxton-Livons fine sandy loams, undulating. 
Flaxton-Livona fine sandy loams, rolling. 
Flaxton-Williams loams, nearly level. 
Flaxton-Williams loams, undulating. 
Flaxton-Williams soils, indulating_ 
Flaxton-Williams soils, rolling. 
Flaxton-Williams soils, hilly 
Grail silt loam, nearly level. 
Grail silt loam, gently sloping_ 
Grail silty clay loam, nearly level 
Grail silty clay loam, gently sloping. 
Grail silty clay loam, sloping_- 
Grassna silt loam, nearly Jevel 
Grassna silt loam, gently sloping- 
Gravel pits. _— 
Harriet comple: 
Havrelon loam __ 
Havrelon silty olay Loam. - 
Havrelon siliy clay. ---~ 
Havrelon-Trembles fine 
Heil silty clay_ 

Lallie silty clay__ 
Lallie silty clay, vt 
Lawther silty clay, nen lovel_- 

Lawther silty clay, gently sloping- 
Lefor fine sandy loam, gently sloping. 
Lihen loamy fine sand, nearly level. . 
Lihen fine sandy loam, nearly level. - 
Linton silt loam, slaping_-_--___--- 

ilt loams, gently sloping 


-| Very poor. , 
-| Fair. 
-| Fair. 
Very poor, 
Very poor, 
Very poor, 
Very poor. 
Very poor. 
Very poor. 
Poor. 
Very poor. 
Very poor. 
Very poor. 
Very poor. 
‘Very poor. 
Very poor. 
Very poor. 
Very poor. 
Very poor, 
Very poor. 
‘Very poor. 
Very poor, 
Very poor. 
Poor. 
Poor, 
Poar, 
Very poor. 
air. 
Poor. 
Fair. 
Very poor. 
Very poor, 
Very poor. 


-| Very poor. 
-| Poor. 

-| Good. 
Good 


Very poor. 
Very poor, 
Very poor. 
Very poor. 
Very poor. 


Mandan silt loam, gently sloping 
Mandan silt loam, gravelly substratum, nearly lev 
Mandan silt loam, gravelly substratwm, gently s 
Manning fine sandy loam, gently sloping... - 


OLIVER COUNTY, NORTH DAKOTA 


Tasie 5.—Suitability to kinds of wildlife—Continued 


Mapping unit 


Wildlife 


Farmland 


Rangeland Wetland 


Mine dumps 
Morton silt loam, nearly level. 
Morton silt loam, gently sloping 
Morton silt loam, sloping 
Morten silt loam, hilly -_ 
Morton-Daglum silt loams, nearly level 
Morton-Daghum sili, loams, gently sloping_ 
Morton-Daglum silt loarns, sloping. 
Morton and Sen stony loams, sloping 
Noonan-Flaxton soils, undulating. 
Parnell silt loam____._- fasices 
Parshall fine sandy loam, nearly level 
Parshall loam, nearly level__ 
Parshall loam, gently sloping 
Parshall-Tally fine sandy loams 
Regan silt loam____2. 22... 
Regent silty clay loam, nearly le: 
Regent silty clay loam, gently sloping 
Regent silty clay loam, sloping. ._- 
Regent-Daglum silty clay loams, nearly level_ 
Regent-Daglum silty clay loams, gently sloping. 
Regent-Daglum silty clay loams, sloping. 
Rhoades-Daglum complex, gently sloping. 
lingling gravelly laam, very steep 
Miverwish. =. 2ece2 see sehe nak 
Savage silty clay loam, nearly level _ 
Sen-Werner loams, sloping__ 

Sen and Amor loams, nearly leve 
Sen and Amor loams, gently sloping. 
Sen and Amor loams, sloping _ 
Sen and Amor toams, hilly_- 
Stady loam, nearly [evel __ 
Stady-Lohr loams, gently sloping __ 
Stady-Lehr loams, sloping - 
Straw loam, nearly level. 
Straw loam, channeled _ 
Strongly saline land. _ ‘ 
Tally-Parshall fine sandy loams g i 
Tally-Vebar fine sandy loums; nearly level 
Telfer-Lihen loamy fine sands, steep. 
Temvik silt loam, nearly level__ 
Temvik-Williams silt: loans, undulating. 
Temvik-Williams silt Joams, rolling... 
Temvik-Williams silt; loams, hilly 
Tonka and Parnell silt loasns__ 
Vebur fino sandy loams, slopin 
Vebar stony fine sandy loam, hilly. 
Vebar-Cohagen fine sandy loams, hilly 
Vebar-Tally fine sandy loans, gently slopitig . 
Vebar-Tally lonms, undulating. 
Vebar-Tally loams, rolling . . 
Velva-Straw fine sandy loam: 
Wahek gravelly loam, stcep- 
Williams loam, nearly 
Williams loam, undulating - 
Williams loam, rolling__ 
Williams stony loam, rollin 
Williams-Flaxton loams, ro! 
Williams-Zahl loams, hilly . . 
Zahl-Wiliams loams, hilly . - 
Zahl-Williaiss loams, steep. 


Very poor 
Very poor. 


Very poor. 
Fair 
Pair 


Very poor 
Good - 
Good - 


-| Very poor, 
-| Very poor. 
-| Very poor, 
-| Very poor. 
Very poor. 
Very poor, 
Very poor, 
Very poor. 
Vary poor, 
Very poor, 
Fair, 

Very poor. 
Very poor. 
Very poor, 
Very poor. 
Fair. 

Very poor. 
Very poor. 
Very poor, 
Very poor. 
Very poor. 
Very poor. 
Very poor, 
Very poor. 
Very poor. 
Very poor. 
Ver: 
Very poor. 
Very poor, 
Very poor, 
Very poor, 
Very poor. 
Very poor. 
Very poor, 
Poor. 

Poor. 

Poor. 

Very poor, 
Very poor, 
Very poor, 
Poor. 

Very poor. 
Very poor. 
Very poor. 
Fair. 

Very poor. 
Very poor. 
Very poor. 
Very poor. 
Very poor. 
Very poor. 
Very poor. 
Very poor. 
Very poor, 
Very poor, 
Very poor. 
Very poor. 
Very poor. 
Very poor. 
Very poor. 
Very poor. 
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Tarte 6.—Degree and kind of limitations for recreational uses 


Mapping unit 


Play areas 


Camp areas 


Pienic areas 


Paths and trails 


Alluvial land__...--.-.-- 

Arnegard Joam, nearly 
level. 

Arnegard loam, gently 
sloping. 

Arnegard loam, sloping--_' 

Banks fine sand, rolling .. 


Banks soils, 
dulating. 

Banks-Trembles fine 
sandy Joams, nearly 
level. 

Banks-Trembles fine 
sandy laams, un- 
dulating, 

Belfield-Daglum silt 
loams, nearly level, 


Belfield-Daglum silt 
loams, gently sloping, 


gently un- 


Belfield-Daglum silty 
clay loams, nearly 
level. 

Belfield-Daglum silty 
clay loans, gontly 
sloping. 

Belfield-Morton silt 
loams, nearly level. 

Belfield-Morton silt 
loams, gently sloping. 

Belfield-Morton silt 
loams, sloping, 

Belfield-Straw loams, 
nearly level. 

Cabba-Shale outcrop 
complex, very steep. 


Cabba-Werner com- 
plex, steep. 

Cabba- Werner complex, 
very steep. 

Cohagen-Sandstone 
outcrop, very steep. 


Cohagen-Vebar fine 
sandy loams, steep. 

Colvin and Regan silt 
loams, 

Dimmick silty clay_- 

Farland silt loam, 
nearly level. 

Farland silt loam, 
gently sloping, 

Flaxton loamy fine 
sand, undulating. 

Flaxton-Livona fine 
sandy losms, nearly 
level. 

Flaxton-Livona fine 
sandy loams, undu- 
lating. 

Flaxton-Livona fine 
sandy loams, rolling. 

Flaxton-Williams loams, 
nearly level. 

Flaxton-Williamsg loarns, 
undulating. 

Fiaxton-Williams soils 
undulating. 

Flaxton- Williams soils, 
roiling. 


| Severe: 


Severe: flooding. 
None to slight... 


Moderate: slope..-.-.. 

Severe: slope... 

Severe: fine sand sur- 
face layer. 

Slight to moderate: 


flooding... 


Aooding. 


Severe: 
slow to very slow 
permeability, 


moderately 


Severe: moderately 
slow to very slow 
permeability. 

Severe: moderately 
slow to very slow 
permeability. 

Severe: moderately 
slow to very slow 
permenhility. 

Slight to moderate: 
loam surface layer. 

Moderate: slope -.----- 


silt 


Severe: slope 


Moderate: 


flooding...-- 


Severe: slope; soft bed- 
rock at depth of 
10 to 20 inches. 


Severe: slope_._.-_---- 
Severe: slope- ee 
Severe: slope; soft 


bedrock at depth of 
10 to 20 inehes. 


Severe: slope_...--.-.- 
Severe: ponding_..-.--- 
Severe: ponding--.- = 


None to slight._-_-- 


Moderate: slope_------- 
Severe: loamy fine 

sand surface layer, 
None to slight.____----- 


Moderate: slope.- 


Severe: slope 


None tao slight__-----... 
Moderate: slope_------ 


Moderate: slope. 


slope 


| Severe: 


Severe: flooding.- 
None to slight_-._ 


None to slight. . 


Moderate: slope. -. 
fine sand sur- 


Moderate: ‘silty clay 
jJoam surface layer, 
Severe; flooding..------ 


Severe: flooding-------- 


moderately 
slow to very slow 
permeability. 
Sever moderately 
slow to very slow 
permeability. 
Severe: moderately 
slow to very slow 
permeability. 
Severe; moderately 
slow to very slow 
permeability. 
Slight to moderate: 
loain surface laye 
Slight to moderat: 
loam surface laye: 
Moderate: slope. 


silt 


silt 


Moderate: floeding---_- -| 


Severe: slope....-...-- 


Moderato: slope; loamy 
surface layer. 
Severe: slope___-_-___- 


Severe: slope....--.--- 


Maderate to severe: 


slope, 
Severe: ponding._.-__-- 
Severe: ponding. 


None to slight_- 
None to slight.-----..-- 
Moderate: loamy fine 


sand surface layer, 
None to slight. ___-_---- 


None to slight__ 


Moderate: slope___----- 
None to slight. --------- 
None to slight_....------ 
None to slight___ 


Moderate: 


slope. 


Severe: flooding 
None to slight _ 


None to slight... .------ 


Moderate: slope. 
Severe: slope_.-- 
Moderate: silty clay 
Joam surface Tayer. 
Moderate: flooding----- 
Moderate: flooding..--- 


None to slight. . 


None to slight_....-.--. 
Moderate: silty clay 
loam surface layer, 


Moderate: silty clay 
loam surface layer. 


None to slight... .------ 
None to slight... .------ 
Moderate: slope__------ 
Moderate: flooding_..._ 


Severe: slope---------- 


Moderate: slope_....-.. 


Severe: slope---------- 


slope 


Severe: slope. 


Modcrate to severe: 


slope. 
Severe: ponding.-..-..- 
Severe: ponding. 
None to slight. - 


None to slight... ------- 
Moderate: loamy fine 


sand surface layer, 
None to slight_______--- 


None to slight... .-. ar 


Moderate: slope_...---- 
None to slight. -.-...--- 
None to slight____._----- 
None to slight_-_------- 


Moderate: slope._....-. 


Severe: flooding. 
None to slight. 


None to slight. 


None to slight. 
Severe: slape. 


Modorate; silty clay 


Toam surface layer. 
Moderate; flooding. 


Moderate: flooding. 


None to slight, 
None to slight, 
Moderate: silty clay 


loam surface layer. 


Moderate: silty clay 
loam surface layer. 


None to slight. 
None to slight. 
None to slight. 
Mederate: flooding. 


Moderate to severe: 
slope, 


None to slight. 
Moderate: slope. 


Moderate to severe: 
slope. 


Moderate to severe: 


slope. 


Severe: ponding. 


Severe: ponding, 
None to slight. 


None to slight, 
Moderate: loamy fine 


sand surface layer. 
None to slight. 


None to slight, 


None to slight. 
None to slight. 
None to slight. 
None t0 slight. 


None to slight. 


OLIVER COUNTY, NORTH DAKOTA 


Tain 6.—Degree and kind of limitations for recreational uses—Continued 


Mapping unit 


Play areas 


Camp arcas 


Fiaxton-Williams soils, 
hilly. 

Grail silt loam, nearly 
level, 

Grail silt loam, gently 
sloping. 

Grail silty clay loam, 
nearly level, 

Grail silty clay loam, 
gently sloping. 


Grail silty clay loam, 
sloping. 


Grassna silt loam, 
nearly level_ 

Grassna silt 5 
gently sloping. 

Gravel pits 


Harriet complex. 
Havrelon loam_- 
Havrelon silty clay loam 


Havrelon silty elay_----- 


Havrelon-Trombles 
fine sandy loams. 
Fleil silty eluy_.-.------- 


Lallie silty clay..--.---- 


Lallie silty clay, very 
web. 

Lawther silty clay, 
nearly level, 

Lawther silty clay, 
gently sloping. 

Lefor fine sandy loam, 
gently sloping. 

Lihen loamy fine sand, 
nearly level, 

Lihen fine sandy loam, 
nearly level. 

Linton silt loam, 
sloping. 

Linton-Mandan silt 
loams, gently sloping. 

Lohler silty clay---.----- 


Mandan silt loam, 
nearly level. 

Mandan silt loam, 
gently sloping. 

Mandan silt loam, 
gtavelly substratum, 
nearly level. 

Mandan silt loam, 
gravelly substratum, 
genily sloping. 

Manning fine sandy 
loam, genily sloping. 

Mine dumps-..---------- 

it loan, 


Morton si 

gently sloping. 
Morton silt loam, sloping.| 
Morton silt laam, hilly___ 
Morton-Daglum silt 
Igamis, nearly level. 


Severe: slope...--.---- 


None to slight. .-.------ 


Moderate: slope_____-__ 

Moderate: silty clay 
loam surface layer. 

Moderate: slope; silty 
clay Inara surface 
layer. 


Severe: slope__----.--- 


None to slight 


Moderate: slope.._.--- 
Severe: slope; gravelly 
surface layer. 


Severe: wetness_ 
None to slight, 
Moderate: silty clay 
loam surface layer. 
Severe: silty clay sur- 
face layer. 
None to slight 


Severe: silly clay 
surface layer. 


Severe: silty clay 
surface layer. 

Severe: wetness___.---- 

Severe: silty clay 


surface layer. 

Severc: silty clay 
surface la 

Moderate: 


slope--------. 


Moderate: loamy fine 
sand surface layer, 
None to slight 


Severe: slope_..-------- 
Moderate: slope... ..-- 
Severe: silty clay 


surface layer; Nooding. 
None to slight... .------ 
Moderate: slope___-_.-- 


None to slight... .------ 
Moderate: slope _...---- 


None to slight . 


Severe: alo; 

None to slight - 
Moderate: slope..--_--- 
Severc: slope. 


Severe: slape z 
Severe: moderately 
slow to very slow 


permeability. 


Moderate: slope_.-.---- 


None to slight..-..-.--- 


None to slight 


Moderate: silty clay 
loam surface layer. 
Moderate: silty clay 
loam surface layer. 


Moderate: slope; silty 
elay loam surface 
layer. 


None ta slight._-.-----. 


None to slight__..--.--- 
Moderate to severe: 
slape; gravelly sur- 
face layer. 
Severe: wetness_ - 
None to slight__ 
Moderaic: silty clay 
loain sinface layer, 
Severe: silty clay sur- 
face layer. 
None 10 slight. 


Severe: silly clay 
surface layer. 

Severe: silty clay 
surface layer, 

Severe: wetness_ 2 

Severe: silty clay 
surface 1 

Severe: sil 


surface layer. 
None to slight. —--—------ 


Moderate: loamy fine 
sand surface la 
None to slight-_ 


Moderate: 


slope 


None to slight. -.------- 

Severe: silty clay 
surface layer; flooding. 

None to slight... - ia 


None to slighi'_....----- 


None to slight... ..----- 
None to slight'._..------ 
None to slight ._.-.---- 


Severe: slope. 
None to slight. 


None to slight... .------ 


Moderate: slope 
Moderate: slope. 
Severe: moderately 


slow to very slow 


i 


Pienic areas 


Paths and trails 


Medcraie: slope__-_____ 


None to slight 


None to slight. 


Moderate: silty clay 
loam surface layer, 
Moderate: silty clay 
Joam surface layer. 


Moderate: slope; silty 
elay loam surface 
layer, 


None to slight 


None to slight.--------- 
Moderate to severe: 
slope; gravelly sur- 
face layer. 
Severe: wetness.------- 
None to slight-__ 
Moderate: silty clay 
loain sinface layer. 
Severe: silty clay sur- 
face layer. 
None to slight 


silby clay 
surfuce layer. 
Sovere: silty clay 
surface layer. 

Severe: wetness- 


Severe: silty clay 
surface layer. 

Severe: silty elay 
surface layer. 

None to slighb__—__ 


Moderate: loamy fine 
sand surface laye 
None to slight 


Moderate: 


slap 


None to slight. --.------ 

Severe: silty clay 
surface layer. 

None to slight - 


None to slight... .------ 


None to slight _.. .. 


None to slight... ..-----| 


None to slight. ..------- 


Severe: slope... 
None to slight. 


permeability. ' 


None to slight. ..-.----- 


Moderate: slope___...-- 
Moderate: slope__ 
None to slight. __ 


None to slight. 
None to slight. 


None to slight. 


Moderate: silty clay 
loarn surface layer. 
Moderate: silty elay 


loam surface layer. 


Moderate: silty clay 
loam surface layer. 


None to slight. 
None to slight. 


Moderate: slope. 


Severe: wetness. 

None to slight. 

Moderate: silty slay 
loam surface layer. 

Severe: silty clay sur- 
face layer. 

Nane to slight. 


Severe: silty clay 
surface layer. 


Severe: silty clay 
surface layer. 
Severe: wetness, 
Severe: silty clay 


surface layer. 
Severe: silty clay 

surface layer. 
None to slight. 


Moderate: loamy fine 
sand surface layer. 
None to slight. 


None to slight. 
None to slight. 
Severe: silty clay 


surface Jayer. 
None to slight. 


None to slight. 


None 40 slight. 


Nane to slight. 


None to slight. 


slape, 
slight. 


slight. 


Severe: 
None to 


None to 
None to slight. 


None to slight. 
None to slight. 


Tasie 6.—Degree and kind of limitations for recreational uses—Continued 


SOIL SURVEY 


Mapping unit 


Play areas 


Camp arcas 


Pienic areas 


Paths and trails 


Morton-Daghim silt 
loams, gently sloping. 


Morton-Daglum silt 
laams, sloping. 


Morton and Sen stony 
foams, sloping. 

Noonan-Flaxton soils, 
undulating. 

Parnell silt loam . . 

Parshall fine sandy 
loam, nearly level, 

Parshall laam, nearly 
level. 

Parshall loam, geutly 
sloping. 

Parshall-Tally fine 

_ sandy loams, sloping. 

Regan silt loam. 

Regent silpy clay loam, 
nearly level. 

Regent silty clay Loam, 
gently sloping, 


Regent silty clay loam, 
sloping, 


Regent-Dnglum silty 
elay loams, nearly 
level. 

Regent-Dagium silty 
clay Intuns, gently 
sloping. 

Rogent-Deglum silty 
clay loams, sloping. 


Rhoades-Daglum com- 
plex, gent ping. 

Ringling gravelly foam, | 
vory steep. 4 

Riverwash_—_... 

Savage silly clay 
nearly level. 

Sen- Werner loanis, 
sloping. 


Sen and Amor loams, 
neatly level, 

Sen and Amor loams, 
gently sloping, 

Sen and Amor loams, 
sloping. 

Sen and Amor loams, 
hilly. 

Stady lonm, nearly level__ 

Stady-Lehr loams, gently 
sloping 

Stady-Lehr loams, 
sloping, 

Straw loam, nearly level. - 

Straw loam, channeled_. 


Strongly saline land__ 

Tally-Parshall fine sandy 
loams, gently sloping. 

Tally-Vebar fine sandy 
loams, nearly level. 

Telfer-Lihen loamy fine 
sands, shcep- 

Temvik silt loam, nearly 
level. 


Severe: moderately 
slow to very slaw 
permeability; slope. 

Severe: moderately 

slow to very slow 
permeability; slope. 

sf stony surface 


Severe: ponding 
None to slight _ 


None to slight... .--.-_- 
Moderate: slope... --- 


Moderate: 


slope. 


Severe; ponding-.---._- 
Moderate: silty clay 
loam surface layer. 
Moderate: slope; silty 
clay loam surface 
layer, 
Severe: slope 


Severe: very slow 
permeabil 


Severe: very slow 
permeability, 


Severe: slope; very 
slow permeability. 


Severe; very slow 
permeailit: 
Severe: slope_..--____-. 


ere: flooding. _ 

Moderate: silty clay 
lowm surface layer. 

Severe: slope; soft 
bedrock at depth of 
16 to 20 inehes 


Severe: 


slop 


Severe: slope. 


None to slight. - 

Moderate: — slope. 
Severe: slope--.--...__ 
Moderate: 


flooding 
Severe: 


slope... _- 


Severe: wetness 
Moderate: slope. 


None to slight. 


Severe: 


None to slight 


slope; stoniness_/ 


Severe: moderately 
slow to very slow 
permeability. 

Severe: moderately 
slaw to very slow 
permeability. 


Severe: stuny surface 

_, surface layer. 

Severe: slope.--------- 
Severe: ponding 


None to slight - 
None to slight... .------ 
None to slight —_ 


None to slight. .-22._- 


Severe: 


ponding. 
silty clay 
surface Inyer, 
silty clay 
loam surface lnyor! 


Moderate: slope; silty 
loam surface 


Severe: very slow 
permeahility, 


Severe: very slow 
permenhility, 


Severe: very slow 
permeability. 
Severe: slow 
permeahil 
Mouerate: 


v 


slope 


Severe: flooding___ 
Moderate: silty clay 

foam. surface lay 
Moderate: slope. 


None to slight. _ 2-22 
None to slight. ________ 
Modera 


Moderate: 


None to slight. 
None to slight- 


Moderate: slope.._____- 
Severe: flooding. 
Severe: flooding. 
Severe: wetness 


None to slight. _ 


None to slight.._-_----. 2. 

Moderate: slope; loamy 
fine sand surface layer. 

Nong to slight 


None to slight... ------- 


Moderate: slope-_------ 


Moderate: stony 
surface layer; slope. 
None to slight ___.2----- 
Severe; ponding 
None ta slight - 


None to slight... ------- 


None to slight... 


None to slight. . 


Severe: ponding... .__ 

Moder: silty clay 
Joam surface layer. 

Moderate: silty clay 
Joum st oe layer, 


Moder slope; silty: 
clay loam surface 
lnyer 

Moderate: silty clay 


loam surface layer. 


Moderate: silty clay 
Jonm surface layer. 


Moderate: slope; silty 
elay loan surface 
layer, 

None to slight... ------- 


Moderate: 


Severe: flooding___----- 

Moderate: silty clay 
loam surface layer. 

Moderate: slope____.--- 


None to slighé...------- 
None to slight... ------- 
Moderate: 
Moderate: 


None ta slight _ 
None to slight- 


Moderate: slope_.--_.-- 
Moderate: flooding_--_.. 
Mederat slope; 

_ flooding. 

Severe: wetness 


None to slight. _ 


None to slight. ..._-..-- 

Moderate: slope; loamy 
fine sand surface layer. 

None to slight 


None to slight. 


None ta slight. 


Moderate: stony 
surface layer. 
None to slight. 


Severe: ponding. 
None to slight, 


None to slight. 

None to slight. 

None to slight. 

Severe: ponding. 

Moderate: — silty clay 
Joam surface layer. 

Moderate: silty clay 
loam surface Inyer. 


Moderate; silty clay 
loam surface layer, 


Modernte: silty clay 
loam surface layer. 


Moderate: silty clay 
loant surface layer. 


Moderate: silty clay 
loam surface layer. 


None to slight, 
None to slight, 
Moderate: Hooding. 
Modeorai silty clay 


loam surface layer, 
None to slight. 


None to slight, 
None bo slight. 
None to slight. 
None to slight. 


None to slight. 
None to slight. 


None to slight. 


Moderate: flooding. 
Moderate: flooding. 
Severe: wetness. 


None to stight. 
None to slight. 
Moderate: loamy fine 


sand surface layer. 
None to slight. 
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Mapping unit Play areas Camp areas Picnie areas Paths and trails 

Temvik-Williams silt Moderate: slope...--_-- None to slight------.--+ None to slight. .-__.---- None to slight. 
loams, undulating. 

Temvik-Williams silt Severe: slopé..--..---- Moderate: slope..-...--| Moderate: slope....--.- None to slight. 
foams, rolling. 

Temvik- Williams silt Severe: slope.. ~-| Moderate: slope..-._-_- Moderate: slope.. None to slight, 
loams, hilly. 

Tonka and Parnell silt Severe: ponding...-.-.. Severe: ponding-.--__.- Severe: ponding-..----- Severe: ponding, 
loums. 

Vebar fine sandy loams, Moderate: slope....--.- None to slight_.-------- None to slight..-..-----| None to slight. 
sloping. 

Vebar stony fine sandy Severe: stoniness._.--.. Severe: stoniness-_._-_- Moderate: stoniness._-.) Moderate: stoniness. 
toam, hilly. 

Vebar-Cohagen fine Severe: slope-_------.- Moderate: slope.-...--. Moderate: slope--_.---- None to slight. 


sandy loams, hilly. 
Vebar-Tally fine sandy Moderate: slope___. 
aams, gently sloping. 


None ta slight. 


None to slight... -| None to slight. 


Vebar-Tally loams, Moderate: slope___---.-! None to slight-.-..----- None to slight..-.-.---- None to slight. 

vebar alles Severe: slope-_-_.--..- Moderate: slope.------- Moderate:  slope..------ None to slight. 

vant Moderate: flooding---.. Severe: flooding.---..--- Moderate: flooding_--.. Moderate: flooding. 
wae gravelly loam, Severe: slope; gravelly._| Severe: slope.___--_..-| Moderate to severe: Slight to severe: slope. 


2ep. 


s loam, nearly | None to slight-.------..) 


None to slight 


slope. 
None to slight. 


None lo slight. 


level. 

Williatns loam, undulat- | Moderate: slope_._---..| None to slight. .-------- | None to slight_..-.-----| None to slight. 

g. 

Williams loam, rolling... slope. ._-_--_.- Moderate: slope. Moderate:  slope-.__ _| None to slight. 

Williams stony loam, slope; sLoniness_| Severe: stonines Moderate: slope; Moderate; stoniness, 
rollin 1 stoniness 

Willams-Flaxtan loams, | Severe: Moderate: Moderate: slope...----- None to slight. 
rolling. 

Williams-Zah] loams, Severo: Moderate: Moderate: slope- None to slight. 
hilly 

Zahl-Williams loams, Severe: Moderate: slope-.--.--- | Moderate: slope-._ None to slight. 
hilly. 

Zahl-Williams loams, Severe: slope_..__.--.. Severe: slope..-.------ Severe: slope...-_..---) Moderate: slope. 
steep. 


Engineering Uses of the Soils ° 


This seetion is useful to those who need information 
about soils used as structural material or as foundation 
upon which structures are built. Planning commissions, 
town and city managers, land developers, engineers, 
contractors, and farmers are among those who can benefit 
from this section. 

Among properties of soils highly important te engineer- 
ing are permeability, strength, compaction characteristics, 
soil drainage conditions, shrink-swell potential, grain size, 
plasticity, and reaction, Also important ave depth to the 
water table, depth to bedrock, and slope. These prop- 
erties, in various degrees and combinations, affect con- 
struction and maintenance of roads, airports, pipelines, 
foundations for small buildings, irrigation systems, ponds 
and small dams, and systems for disposal of sewage and 
refuse. 

Information in this section of the soil survey can be 
helpful to those who— 


1. Select potential residential, 
mercial, and recreational areas. 

2, Evaluate alternate routes for roads, highways, 
pipelines, and underground cables. 


industrial, com- 


’ By Dzeynts F. Maver, agricultural enginecr, and Crumion R. 
Jouxgon, State conservation engineer, Soil Conservation Service. 


3. Seek sources of gravel, sand, or clay. 

4. Plan farm drainage systems, irrigation systems, 
ponds, terraces, and other structures for control- 
ling water and conserving soil. 

5. Correlate performance of structures already built 
with properties of the soil on which they are 
built, for the purpose of predicting performance 
of structures on the same or similar kinds of 
soil in other locations. 

6. Predict the trafficability of soils for cross-country 
movement of vehicles and construction equip- 
ment, 

7. Develop preliminary estimates pertinent to con- 
struction in a particular arca. 


Most of the information in this section is presented in 
tables 7 and 8. Table 7 shows several estimated soil 
properties significant to engineering, and table 8 gives 
interpretations for various engineering uses. 

This information, along with the soil map and other 
parts of this publication, can be used to make interpre- 
tations in addition to those given in tables 7 and 8. It 
also can be used to make other useful maps. 

This information, however, does not eliminate the 
need for further investigation at sites selected for engi- 
neering works, especially works that involve heavy loads 
or that require excavations to depths greater than those 
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Tanun 7.—Estimated soil properties 


{An asterisk in the first column indicates that s+ least one mapping unit in this series is made up of two or more kinds of soil, The soils in 
referring to other series that appear in the first colamn of this table. The sign>> 


Depth to— 
Classification 
Depth wet 
Soil series and map symbols Sea- from 
Bed- sonal | surface | Dominant USDA texture Unified AASHO 
rock} water 
table 
Beet Feet Fnches 
Alluvial 14n@: A@ssvcsuwssci secs eocesesccecsy, >a HOS | thoocsclouseasseccuccontecoogeca 
—.| 2-844 >10 0-85 | Loam.._.___-_--------- 
Mapped only in undifferentiated units with 35-60 | Soft loamstone and fine- 
Sen soils, grained sandstone. 
Arnegard: ArA, ArB, ArC.__...--------------- >6 >5 0-40 | Loam ML A-4 
40-60 | Clay loa MiorCL | A-4 or A-G 
#Banks: BaC, BbA, BoA, BcB.-.--..--2 oo eee 25 5 0-8 Fine sandy loam__------| 8M A-2 or An-4 
For the Trembles part of BoA and BcB, see 5-60 | Loamy fine sand and SM A-2 
Trembles series, fine sand, 
*Belfield: BdA, BdB, BeA, BeB, BmA, BmB, D3 >> 10 MI or CL | A-6 or A-7 
BmC, Bsa, ; CH A-7 
For the Daglum part of 8dA, BdB, Bed, cr AT 
andBeB, sec glum. series; for the 
Morton part of BmA, Bm6, and BmC, see 
Morton seri and for the Straw part of | 
BsA, see Straws eries. : 
*Cabba: Cal. ChO, ChEs. - neeneecceweocceee <1K >10 (-14 | Silt loam____------.-...| MLor CL | A-4 or A-6 
For the Werner part of CbD and CbE, see 14-60 | Soft loamy shale-_--.._.)------------|-------- 2+. 
Werner series. 
*Cohagen: CgE, ChO._-..------ & 1% >10 0-17 | Fine sandy loam __ 
“For the Vebar part of ChD, see Vebar seri 17-60 | Soft sandstone. __. 
Calvin: Co_.- 35 1-4 0-60 | Silt loam and clay loam..| CL A-6 or A-7 
For tho Regan part, see Regan 
petesedticdeedeawduscecese thei eseh sus, >3hKh > 1d 0-8 Silt laam _-| CL é-6 
sdonly in mple with Betfield, 8-20 | Clay. AZ 
Morton, Regent, and Rhoades soils. 
| 20-60 | Silty clay and clay loam_.| CL A-6 or A~7 
Dimmick: Dm____----.---- oecneenteseoaivad 3-5 20-3 0-60 | Silty clay and clay_---...| CH A? 
Farlsid ‘Pay Fabs ou diescgcercanetaesaea ss ae) >10 0-60 | Silt loam and silty clay | CL A-6 or A-7 
loam. 
*Vlaxton: i 
PE aos ymin ie ek aes a Rt ery >5 > 10 0-28 | Loamy fine sand. 5M A-2 
28-60 | Clay loam OL A-6 
FIA, FIB, FIC, Fwd, FwB, Fx, FxC, FxD____ D5 10 0-28 | Fine sandy loam- ML or SM | A-2 or A-4 
For the Livona part of FIA, FIB, and FIC, 28-60 | Clay loam cL A-6 
see Livana series; for the Williams part of 
FwA, FwB, FxC, and FxD, sec Williams 
series. 
Grail: Gad, GaB, GcA, GceB, GeC______________- >S Ss 0-60 | Silty clay loam and CL or CH A-7 
silty clay. 
Grossnaa “Gindy Gh Biss. t02 sie ok ees eee casi n| >5 >5 0-60 | Silt loam and silty clay ML or CL | A-4 or A-7 
loam. 
Ciravel pits: Go. D5 D5 
Mast propertic i 


Sco footnotes at end of table. 


OLIVER COUNTY, NORTH DAKOTA 91 


significant to engineering 


such mapping units may have different properties and limitations, and for this reason it is necessary to follow carefully the instructions for 
means more than; the sign < means less than. Absence of data indicates no eslimate was made] 


Percentage less than 3 inches 


passing sieve 2— Corrosivity to— 
Available Shrink-swell a 
Permeability water Reaction Salinity potential 
No. £ | No. 10 | No. 40 | No. 200 capacity Uncoated | Concrete 
(4.7 2.0 (0.42 (0.074) steel 

mm.) mm.) mm.) mm.) 

Inches per inch Atmos per.em at 
| Inches per hour of seit pH £PO 


0. 1 6, 6-8, 4 | None. 
0.0 7, 9-84 | None 
100 100 | 83-95 | 55-70 0. 68-2. 0 0. 15-0. 17 6. 6-7. 8 | None. Moderate_..| Low. 
100 100 | 85-100 } 60-85 0. 63-2. 0 0. 16-0,18 | 7. 9-8. 4 | None_- Moderate...) Low. 
100 140 | 85-100 | 30-50 2, 00-8. 30 0, 12-0. 14 7.4-7.8 | None__ Moderate...} Low. 
100 100 | 70-95 10-25 6.3 -2.00 G. 05-0. 08 7. 4-7.8 | None. Moderate...| Low. 
100 100 | 95-100 | 70-85 0, 68-2, 0 Q. 18-0, 20 6. 1-6.5 | None.._..--- Low to Moderate__.| Low. 
moderate. 
100 100 | 95-100 | 95-100 0, 20-0. 63 0. 15-0. 17 6. 6-7. 8 | Moderate._. High. Moderate. 
100 100 | 95-100 | 70-80 0. 20-0. 63 0. 16-0, 18 7. 9-8. 4 Tigh A very Moderate. High, 
igh, 
100 100 | 95-100 | 85-95 0. 63-2, 0 0. 16-0. 19 | 7, 4-84 | None to low.-| Low to Low. 
| moderate. 
(stuesecdlbeeteded/seeceSec|soeceacel 0. 06-0, 20 | 0,04-0.05 | 7.4-9,0 | None to Low to Moderate. 
moderate. moderate, 
\ 
95-100 | 95-100 | 75-85 30-50 2. 0-6. 3 Q. 12-0. 14 7.4-8.4 | None... Low-- Moderate._.) Low. 
PkitetyelcasGoSgleteeleseleosen aes 0. 20-0.63 | 0,06-0.08 | 74-8 4] None. - Low-- Moderate...) Low. 
100 100 | 80-90 } 70-90 Q. 63-2. 0 0. 17-0. 19 7. 9-8, 4 | Low to Moderate.--. High---.-.- Moderate, 
moderate. 
100 100 | 90-100 | 80-90 0. 63-2. 0 0.17-0.19 | 6 1-7.3 | None to low_-| Moderate_ Low. 
100 100 | 95-100 | 90-100 <0. 06 0, 12-0, 14 7. 4-8. 4 High to very | High--. = High. 
igh, | 
100 100 | 95-100 | 85-100] 0. 08-0. 20 0. 06-0, 08 7.9-9.0 | High to very | High......--- High..___.- | High. 
{ high. 
} 
100 100 100 ) 80-95 <0. 06 0, 12-0, 14 6 6-7.8 | None..-----. High 22.ss2- High.s2.-=- Low. 
100 100 100 | 70-95 0. 63-2. 0 0, 17-0, 19 6. 6-8. 4 Moderatie_-_-- Moderate. _-| Low. 
i 100 | 95-100 | 60-85 15-30 6. 3-20. 0 6. 6-7. 8 | Moderat Low. 
| 95-100 | 95-100 | 85-95 65-80 0. 20-0. 68 74-84 Moderate Moderate. 
100 | 95-100 | 75-90 30-60 2.0-6. 3 6. 6-7. 8 Maderate._.| Low. 
95-100 | 95-100 } 85-95 65-80 0. 20-0, 63 74-84 Moderate...} Moderate. 
100 100 | 95-100 | 85-95 0, 20-0. 63. 0. 16-0. 18 6. 6-8. 4 | None to Moderate High_------} Low. 
low. to high. 
100 100 | 95-100 | 75-90 0.68-2.0 | 019-021 | 66-84] None_------- Moderate_._.- Moderate_._| Law. 
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Taste 7.—LEstimated soil properties 
Depth to— 
Classification 
Depth 
Soil series and map symbols Sea- from 
Bed- sonal | surface | Dominant USDA texture Unified AASHO 
rack 1 water 
table 
_ i 
Feet Feet Trehes 
Hattie: Hacscsencscneecee sie cedesncerseseeses 3s 0-8 0-40 | Silty clay loam__------.- CL or CH A-6 or A~7 
40-46 | Loam_...-------------- ML A-4 
46-60 | Silty clay_--.-.2- 222-02 CL or CH A-6 or A-7 
*Iavrelaon: Hb, He, Hd, Hm. Do | >a 0-60 | Loam and very fine ML or CL | A-4orA6 
For the Trembles part of saudy loam, 
series. 
Hell Hsececcuuseeias accom ean tecegsccesssceed >S 80-7 0-60 | Silty clay... .| CH A-7 
Valles: “Lay Ube ssennuceepecupnedesecessccessce| Do 8 0-5 0-60 | Silty clay__-..--.------- CI | AT 
Lawther: LeA, LéB.o--se-ieeeseneceseocs sess, 34, > 10 0-60 | Silty clay and clay_----_. cit A-7 
Wefan: litehéent toca cen cetee See ee Slee 24-34) > 10 0-14 Fine sandy leam_ SM A-4 
| 14-84 ; Clay loam_ CL A-G 
34-00 | Soft loamstane, 
Teh S20 aseoe hese os eee weuseee le cey --| > >10 0-15 | Toam______..---------- ML or DA-4 
Mapped only in complex with Stady soil MI-CL 
5-60 | Gravelly coarse loamy M A-1 or A-2 
sand, sand, and gravel, 
Tithe? WR, RAS 2s coco tetova acees| >5 >10 0-60 | Leamy fine sand and SM AB 
fine sand, 
*Linton: LIC, LnB-.. >5 >10 0-60 ] Silt loam and very fine ML A-4 
For the Manda H sandy loan. 
series. 

Vivons. sac suocs genet est edanaeseeeee seen ee) >S5 >10 0-15 | Fine sandy loam. A-2 or A-4 
Mapped only in complex with Flaxton soils. 15-60 | Clay loam A-6 
aller? (Lescvesieseesseet ec tesc2 lo selese5ese 5 >5 Silty cla; CL or CH | A-6 or A-7 

y ML Ant 
CL or CH A-6 or A-7 
Mandan: 
Maa, MaBocnss coc - cetuccucmcassegse| | td >40 0-46 | Silt loam._.-_.._--.---- ML A-4 
46-60 eee and fine sandy ML or SM | A-4 
OLLTTL 
Mb) MBBicctcccesnece sees a aeee oes sey >4 > 0-40 | Silt loam. -| ML A-4 
40-60 | Sand and gravel. .) 8M A-1 or A-2 
Manning: McB..-..-------------------------- D5 >10 0-24 | Fine sandy loam and | SM A-4 
gravelly fine sandy 
loam. 
| 
Mine dumps: Md__----.- >b >10 
Most properties too varia 24-60 | Sand and gravel___..--..| 83M A-1 or A-2 
*Morton: MoA, MoB, MoC, MoD, MpA, MoB, 1%-34) >10 0-83 | Silt loam and loam and ML or CL | A-4 or A-6§ 
Mpc, Msc. silty clay loam. 
For the Daglun pars of MpA, MpB, and 33-60 siltstone and loam= |... s0ss2-55e.|o este cu eee. 
MpC, see Daglum series; for the Sen part stone. 
of MsC, see Son series, 
*Noonan: NfB_-----------.-.------- | >6 >10 ML A4 
For the Flaxton part, see Flaxton si CLor CH | A-6 or A~7 


See footnotes at end of table. 
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Percentage less than 3 inches 
passing sieve °— . Corrosivity to— 
ma Available Shrink-swell = 
Permeability water Reaction Salinity potential 
No. 4 | No. 10 | No. 40 | No. 200) capacity Uncoated | Concrete 
(4.7 (2.0 (0.42 (0.074) atecl 
mm.) mm.) mm.) mm.) 
Inches per inck Mophos per em ut 
Tnehes per hour of seit pH es 
100 | 95-100 | 85-100 | 75-80 6-0, 2 0. 13-0, 14 7. 9-9. Wigh...------ Moderate to High__.___- High. 
high. 
100 | 95-100 | 85-95 60~80 0. 63-2, 0 0. 16-0. 18 8. 5-0.0 | High-.-_...-- Moderate to High_------ High. 
, igh. 
100 100 | 95-100 | 80-95 | 0. 06-0. 20 Q, 18-G, 14 8. 5-9.0 | Migh...--_.-- Moderate to High.------ ‘ligh, 
| high. 
| 
100 100 | 85-100 | 65-90 | 0. 63-2.0 0, 16-0.18 | 7, 4-84] None to low__| Low to mod- | Moderate_._| Moderate. 
1 ate. 
100 | 100 100 | 80-85 <0. 06 0, 13-0, 14 7, 4-9, 0 Moderate ta High .._...--] High.._---. High. 
high. 
100 100 | 95-100 | 85-95 0, 06-0, 20 | 0. 138-0. 15 7,4-8,4 | None._--.--- Figh.__---- Moderate. 
100 100 | 90-100 | 84-100 | 0. 06-0, 20 0, 15-0, 16 7. 4-8. 4 | None to low High__--.-- Moderate. 
140 100 | 85-95 35-50 3. 0-6. 3 0. 12-0. 14 6. 1-7.3 ; None-------- Moderate... -| Low. 
100 | 95-100 | 85-100 | 50-70 0. 63-2. 0 0. 18-0. 15 6. 6-7. 8 | None to mod- High---- Moderate, 
erate. { 
0, 20-0.63 | 0.07-0.09 | 7, 9-8.4 | Low-----.--. Moderue...) Moderate. 
90-100 | 85-95 80-90 50-45 2. 0-6. 3 0. 14-0. 16 6. 6-7.8 Moderate...| Low. 
60-80 40-60 15-25 5-10 >20.0 6. 04-0, 05 7. 4-8.4 Moderate_-_| Low. 
100 100 | 90-100 } 15-30 6. 3-20. 0 0. 16-0, 12 6. 6-7.8 | None..------ Moderate...) Low. 
100 100 | 90-100 | 75-80 0. 63-2, 0 Q, 18-0, 20 6. 6-8, 4 | None. -_-_--- Moderate...| Low. 
i 
100 | 95-100 } 75-95 30-60 2. 0-6, 3 0.13-0,15 | 6. 6-7.3 Moderate.-.) Low. 
) 95-100 | 95-100 | 85-95 65-80 0. 20-0. 63 0. 16-0, 18 6. 6-8. 4 Moderate._.. Moderate. 
100 100 | 95-100 | 85-95 0. 20-0. 63 | 0. 15-0. 17 7.4-7.8 High | Moderate. 
100 100 0, 63-2. 0 0. 17-0. 19 7.4-7.8 igh, Moderate. 
/ 100 160 Q. 20-0. 63 0. 16-0. 18 7.4-7.8 High. Moderate. 
| | | 
100 100 | 95-100 | 80-90 0. 63-2. 0 0, 18-0. 20 7. Moderate.-.} Low. 
100 100 | 75-80 40-60 0. 63-6. 3 0. 15-0, 17 7. Moderate...| Low. 
100 100 | 90-100 | 80-90 0, 63-2, 0 9, 18-0, 20 7. Moderate_..| Low. 
60-80 40-60 15-25 5-10 20. 0 0, 04-0, 05 7. Moderate...) Tow. 
| 95-100 | 85-95 70-85 35-50 2. 0-6. 3 0.12-0.14] 6, Moderate...| Low. 
' 
| | 
| 60-80 40-65 25-50 5-15 20.0 0. 04-0. 05 7.4-8. 4 | None.--.-..- Lr Moderate-.-| Low. 
100 | 95-100 | 90-100 | 70-90 | 6.63-2.0 | 0.19-0.20) 6.6-8 4 None..-..-.. Lew to mod- | Moderate-..| Low. 
erate. 
0. 20-0.63 | 0.106-0.12 | 79-84 None--...--- Low to mod- | Moderate_..) Low. 
erate. 
95-100 | 90-95 | 85-95 | 55-70 0.15-0,17 | 6.6-7.3 | None...----- Low. Moderate...| Low. 
95-100 | 90-95 85-85 65-80 0. 10-0. 12 7. 9-9, 0 | Tigh. 6 very | High. High. coo. < High. 
high, 
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Tansee 7.—Estimated soil properties 


Depth to— 
Classification 
Depth | 
Soil series and map symbols Sea- from. 
Bed- sonal | surface | Dominant USDA texture Unified AASHO 
rock ! water 
tablo 
eet Feet Tnchea 
Pamhells: Pagsccac-se-chpcscssenssteseencacane 5 40-6 0-7 
7-60 y clay CIT 
clay. 
*Parshall: PbA, PcA, PcB, PtC. >5 >5 0-82 | Fine sandy loam__-.._.- SM 
For the Tally part of PtC, s 32-60 | Loamy fino sand and SM 
fine sandy loam, 
WReGant: (Réseee se cee ee cee Soa eee >5 a1-4 0-60 | Silt loam and silty clay cL A-6 or A~7 
joam. 
*Regent: RgA, RgB, RgC, RIA, RIB, RIC__--_---. 24-3] > 10 0-38 | Silty clay loam and silty | CL A-6 or A-7 
clay. 
For the Dagkum part of RIA, RI3, and RIC, 38-60 | Soft clayey shale. .___--_(.0-2--22 22 _|---ee 
see Daglum series. 
*Rhontes?) (ROB. ccsecabsaccseSecscuusksccss.s 2) | > 10 0-15 ony clay and silty clay CLorCH | A7 
oat, 
For the Daglum part, sce Daghum series_-_-.. 15-60 | Clay loam and silty clay | CL or CH A-G or A-7 
Joam. 
Ringling). RVBsccpescest 2. ede sa endow seees eats <1 >1L0 0-19 | Gravelly loam and very MLorSM | A-2 or A-4 
gravelly loam. 
19-60 | Scoria bedrock.___.-__-. PGcetneteat Slaves Set es 
D5 90-5 
35 >10 0-66 | Silty clay loam and cL A-6 or A-7 
silty elay. 
*Sen: SaC, SmA, SmB, SmC, SmD-____--__-_..--- 2-314 >10 
For the Werner part of SeC, see Werner 
series; for the Amor part of SmA, SmB, 
SmC, and SmD, sce Amor series. 
*Stady: StA, SuB, SuC___-_--._-_-------.---- as) >10 0-30 | Loam and gravelly ML or A4 
For the Lehr part of SuB and SuC, see Lehr loam, ML-CL 
series. 30-60 | Sand and gravel___-_-_- SM A-1 or A-2 
Straw, SwA, Sx_-__..------------------------ >5 I1>5 GF00' |) Letne.cscivepe coun y ML or At 
ML-CL 
Strongly saline land: Sy__.---.- 2-2 ae seco eee >5 oF 808 
Mast properties tao variable to be estimated. 
*Tally: TaB, ThA. =| je > 10 0-31 ; Fine sandy loam.---....) SMorML | A-4 
For the Parshall 1 31-60 | Sandy loam and loamy SM A-2 or A-4 
series; for the Vebar part of TbA, see Ve- sand, 
bar series. 
“Gelfer: TeO. 22 --2-scscceessccasssaseeccecce >5 >10 0-9 | Loamy fine sand_ SM A-2 
For Lihen part, see Lihen series 9-60 | Fine sand. -| SM A-2 
*Temvik: TmA, TwB, TwC, TwD._..------22 8. >5 >10 0-24 | Silt loam__ ML A-4 
For the Williams part of TwB, TwC, and 24-60 | Clay loam. cL A-6 or A-7 
TwD, see William series. 
MT Onkas Tis sole e aes Ucn see wae teseeese 5 30-8 0-11 | Sift loam......-..-.----- ML A-4 
For the Parnell part, sec Parnell scrica, 11-60 | Silty clay and silty clay | CL A-7 
loam. 
Tre B16G. 22 Jecnceudecusasscaekdececsucclseuss D5 >5 0-43 | Fine sandy loam and | SMorML | A~2orA-4 
Mapped only in complex with Banks and stratified loamy fine 
avrelon soils, sand and loam. 
43-60 | Fine sand_ -- SM A-2 


See footnotes at end of table. 
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Percentuy 
pa 


rs 


sieve ?— 


Jess than 3 inches 


Permeahility 


Available 


water 


Salinity 


Shrink-swell 
potential 


Sorrosiviby bo— 


BRI-TGL—Th——7 


No, 4 | Na. 10 | No, 40 | No. 200 capacity Concrete 
(4.7, (2.0 {0.42 | (0.074) 
mm.) mm.) nm.) min.) 
Inches per hour | fnches per inch pH aruhox per emia | 
of oil 25°C : 
100 100 | 94-100 | 80-90 0, 68-2. 0 €,19-0, 21 | 6. 6-7.3 | None. | Moderate. High _...--] Low. 
1090 100 100 | 90-100 0. 06-@ 20, 0. 16-0. 18 6. 6-7.8 | None igh. + Hgh_... -..) Low. 
100 100 | HO-100 | 25-45 2. 0-6, 3 0. 12-0. 14 None Low. Madernte.--| Low. 
100 | 95-100 | 85-100 | 15-45 2. 0-20. 0 0. 10-0. 13 None... Low. Madernte_.-| Low. 
100 100 } 90-100 | 70-945 0. 63-2, 0 Q, 16-0, 18 7.9-8.4 | Low to inod- Moderate. Tigh __ Mod- 
i orate. erate. 
1H) 100 | 95-100 + 80-100 0..06-0.20 ' 0. 17-0. 19 6, 6-8. 4 | None to low.-| Moderate to Higho.2- ===. Mod- 
high. crate. 
Bunce tos|Setciccc|ascesetslsc2eoncs <0. OG 0. 10-0. 12 7, 9-9,0 | None tu low._| Moderate to High. ------| Mod- 
high. orate. 
100 | 95-100 | 95-100 | 85-05 <0. 06 0. 12-9. 14, 6, 6-90 | Moderate .--| Migh.-.------ High... .-| Mod- 
erate, 
100 | 95-100 | 98-100 | 70-90 0, 06-0. 20, 0, 06-0. 08 7.9-9.0 | Tigh te very Moderate to High-------) High. 
high, very high. 
i 60-95 AD-80 35-75 25-65, G. 8-26, 0 0, 12-0. 1h 7. 4-8. 4 | None_------- Low_----.-..-| Mederate...) Low. 
| 
iGiestePeobedecsuecsous|sokcee 24 6. 3-20. 0 0. 02-0, 08 7. 4-84 | None. _------] Low .-------] Moderate__ | Low. 
100 | 95-100 ) 90-100 | 80-95 | 0, 20-063 | 0.16-0.18 | 6. 6-84 | Nane___.---- Moderate..-.- aia Moderate. 
G. 63-2. 0 0. 19-0, 20 7, 4-8, 4 | Non, . Mode: 25. ~) Low. 
0. 20-0. 63 Q. 10-0, 12 7, 4-8, 4 | None_. Moderate__-_- | Low. 
0. 63-2. 0 0. 16-0, 18 6. 6-84 | None. .-----; Low ____- -| Moderate...) Low. 
>20.0 0.04-0.05 | 74-84 | None. ..-----| Low_--.----- Moderate...) Low. 
300 | 95-100 | 84-95 60-75 0, 63-2. 0 0, 16-0. 18 7.4-7.8 | None___.----] Low Lo modl- Moderate -- Law. 
yrate:. A 
erate. i 
100 160 | 85-100 35-60 0. 13-0. 14 6. 6-7, 8 | Nane_- Maderate Low. 
100 | 95-100 | 45-70 3 6.6-8.4 ) Nane__ Moderate...| Low. 
100 | 95-100 | 90-100 6. . 0. 10-0. 13 Maderate...| Low. 
f 100 | 95-1600 | 70-90 6 0 0. 05-0. 07 Maderate.-.| Low. 
100 100 | 95-100 0. 63-2. 0 0. 18-0, 20 23) | Nane_ 2 Moderate.._| Low. 
95-100 | 95-100 | 85-95 0, 20-0, 63 0, 16-0, 18 4 | None.__- Maderaie__.}| Moderate. 
100 100 | 95-100 | 70-90 | 0, 63-2. 0 0, 19-021 | G6. 1+-7.3 | None-- High. Low. 
100 100 | 95-100 80-95 0, 06-0. 20 0. 14-0, 18 6.6-7.8 | None___ High. Low, 
100 100 | 90-100 | 30-60 2. 0-6, 3 0, 12-0.14 | 74-84 | None._------ Law -s-.-4— Moderate.--} Low, 
100 100 | 70-05 15-30 6, 3-20, 0 0, 05-0, 08 7. 4-8. 4 | None...----- Tow. _------- Moderatc.... Low. 
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TABLE 7.—LEstimated soil properties 
mG 


Depth to— 
Classification 


Depth _ 
sil series and map symbols Sea- from. ! 
Bed- sol surface | Dominant USDA texture Unified 1) AASHO 
rock ! water 
table 
\ 
Feet Inches : 
*#Vebar: VaC, VbD, YhD, VkKB, VIB, VIC_..------- > Q-38 | Fine sandy loan_ SM or ML A-2 or A-4 


For the Cohagen part of VhO, see Cohagen 39-40 | Softsandstone 
sel pfor the Tally part of VIC, Vk B, and 
VIB, see Tally series, 


ese ke, ar) 8a 0-60 | Fine sandy lowm and ML or SM | A-2 or A-4 
aww part, see Straw scri thinly stratified 


loamy fine sand to 
loam, 
Wel) sgn tececes aS edueseteseetya eee I 35. > 10 0-9 Gravelly loam and SM A-2 
| gravelly coarse sandy 
Toa. 
9-60 | Gravel and sand.-.---.- SM. A-L or A-2 
WV GRA ORE oo ae ce Meas eee tate etn a Me eee < 135 >10 0-18 | Loam and silt loam._ MLor CL | A-4 or A-6 
Mapped only in complex wilh Cabba and 18-60 | Soft siltstone and sand- |...--.-2-.2.[------------ 
Sen soils. stone. 
*Williams: WIA, WIB, WIC, WmC, Wn, WzD._-| >4 >10 0-2! | Loam and clay lonm_-__-- ML or CL | A-6 or A-7 
For the Mlaxton part of WnC, see Flaxton 21-60 | Clay loam___/_----_-.- CL A-G or A-T 
series; for the Zabl part af WzD, see Zahl 
series. 
by 7 eee 10 | >a >10] O68 | Loam..__.-.--..------- ML or M4 , 
For the Williams part of ZaD and ZaE, see ML-CL 
Willixins series. 4-60 | Clay loam__.----------- cL A-@i or A-? | 


! Bedroek is soft but restricts rooting. 
‘ Stany phases of Morton, Sen, Vebar, and Williams soils have 10 to 20 pereent, by volume, of material coarser than 3 inches in SW 
diameter in the upper foot of soil. 
4.Sails are subject to flooding. 


—Hnyineering imlerpretations 


(Anasterisk fn: the fret column indicates Liat wt least one mapping init in this serigs is made up of Lavo or More kinds Of sail. Phe soils tu such mapping units may have dierent, 


Dagree snd kine af iit 
i] series and map symbols esha ~~ iP tates © it Pens y 
Septic tank age Ingoons hallow &: ions Dwellings Hilary Innasill, Loeal ragds and 
absorption felds + cnich ® streets: 
Alluvialland: Aa. 
No interpretations made; properties 
too varlable, 
Amor__-..-: - cesses] Severe! moder Moderate where Slight where slopes | Slight where slopes | Musierate: soft Moderate: rexture; 
Muppod oly with Sen soilsin undit | ately slow porme- | slopes are d to 9 are Ot Spereent. | are 010% percent, | — beclrock belaw potential frost 
ferentiated uuils. ability blow percent. Severe Moderate where Moclerate where depth of 2 to 316 heave; niederale 
depth of 2 to B45 where slopes # slopes ure mara slopes are 0 lo 15 fuel. load-bearing 
feet. more than 9 per than @ percent, capacity. 
cent: moderate. 
permeability. t { 
Arnegards ATA, ArB, AIC. ._-.eeeeeeeeee Moderate: moder- | Moderate: moder- | Slight. Moderate: poor Slight. 
alu permeability, | ale permeability. compaction. 
heave. 
i 


See footnotes at end of tuble, 
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significant to engineering-—Continued 


_ 1 
Pereentage less than 3 inches 
passing sieve 2— | Corrosivity to— 
— _ Available. Shrink-swell 

: = Permeability water Reaction Salinity potential 

No. 4 | No. 10 | No. 4@ | No, 200 capacity | Uncoated | Concreta 
(4.7 0 (0142 | (0.074) \ steel 

mm.) mim.) mm.) mm.) 

Tackes per inch Admhoa per am at 
| Tuches per hour of avid pH! 26° C 
100 | 95-100 | 90-100: 80-60 - O-G, ¢ 0. 18-0. 15 6. 6-8, 4 Low. Moderate. Low. 
weeesewe| A eeche ta |Newtecec| te etueey 0. 20-0. 63 0, 07-0. 09 7. 4-8. 4 Low Moderate, Low. 
400 | 95-100 | 85-100 | 30-60 2, 0-6. 3 0.13-U15 | 6, 6-84 | None_------. TOW 223-2232 Maderate__.| Low. 
90-95 80-95 50-75 15-30 6. 3-20, 0 0, 10-0, 12 7. 4-8.4 | None___-.--.| Low __------ Moderate.._| Low. 
80-80 | 40-60 15-25 5-10 320.0 0. 03-0, 04 7. 4-8.4 | None____-.-- Low... --- _---| Moderate___] Low. 
5-100 7 95-100 | 75-90 85-90 0. f3-2.0 | 0. 16-0. 18 7.48.4 | None. Low to Moderate.__| Low. 
moderate, 
eens Oe eee peer _-..-..) 006-063 | 0,05-0.07 ) 74-84 | None.__-----) Low to Moderate. Low, 
} moderate. 
95-100 | 90-100 | 85-95 | 65-80 6. 03-2. 0 0.17-0, 19 | 6. 6-7.8 | None... --- Moderate to | Mederiute | Low. 
high. 
§5-100 | 90-95 60-80 0. 20-0. 63 | 0..16-0,18 | 7. 4-84 | None____---- Moderate to Moderate.__| Moderate. 
high. 
95-100 | 90-100 | $0-95 | 50-80 0. 63-2. 0 0. 16-0.18 | 7.4-7.8 Moderate_-...| Modera -| Low, 
95-100 | 90-100 | 80-95 60-80 0. 20-0. 63 | 0, 16-0. 18 7. 9-8, 4 | None. __---- Moderate to Moderate___| Moderate. 
high. 
of soils 
properties and limitations, ard for this reason it is necossary to follow carefully the instructions for referring to other series that appear in the first column of this table] 
| Suilabllity as source of | Soil features atfecting-— 
| = es = as 
Road fill Sand or gravet Topsoil Pond reservoir | Embankments, | Drainage of erop- | Tevigation ‘Terraces and Grasset 
areas dikes, and levees | land and pasture diversions waterways 

Bair: pooreon- | Unsuitable........ Yair; thickness.._| Moderate por: Paor stability Not applicable, ..| Moderately deep | Sloping to lilly | Neatly tevel to 

puetion. bility en and vompac- to soft, hed- in some places. | nilly. 
age potential. tion; seme ej moder» 
pervious. ately slaw per- 

Kair; low to Unsuitable... Good_.....-------| Moderate permoa- | Fair stability Not applicable... Nearly level to | A few slopes of | ul features 
moderate bility and seep- and campac- sioping, more than 6 favorable, 
shrink-sweil | age patential, tion; semi+ percent. 
potential. pervious, 


© 
iva] 


SOIL SURVEY 


TABLE 8.— Engineering interpretations 


Degree and kind of limitation for— 


Soil series and map symbols 


Septe unk Sewage lagoons | Shallow exexvations Dwellings Sanitary lind ail, Loca) rands asd 
ahsorplion fields? trench # Streets 


*Banks: BaC, BbA, BcA, BcB. Slight: 34. Severe: repid pe Severe: sidewall Slight. | Severe: rapid per- 
For Trembles soil in RecA and BcB, ability. instability. meability. 
see ‘Trembles series. i 
‘Belfield: BdA, AdB, BeA, BeB, BmA, | Severe: moder. Slight where slopes | Slight..___-.__ Severe: high Modernte: diMeult | Saver high 
BmB, BmC, BsA. ately slow por. | are O10 3 poreent. sheink-swell to work, shrink-swell 
For Daghim sail in BdA, 8dB, Bed, menbility. Moderate where potential. potential, 
and BeB, sce Daglum series; for slopes are 3 to ¥ 
Martou soil in BmA, Bm, aud percent. 
BmC, see Morton series; for Straw 
part of BsA, sve Straw series. 
€bD, ChE. Severe: slow per- Moderate where Moderate where Moderate where Moderate where 
i in CbD und ChE, see miwability below slopes are 9 to 15, siopes are $ ta 15 slopns are 9 10 15 slopes are loss 
; depth of 1 \ pereant. Severe percent. Severe, percent. Seyare (ian 15 percent. 
} slopes of mo where slopes are where slopes are whore slopes are Severs where 
than 15 percent. moro than 15 more than [6 mare than 15 slopes are more 
percent. pe it. percent, than 15 percent. 
agen: Cee, ChO % Severe: mad Severe: slope Moderate where Moderate where. | Moderate whure Moderate whe 
For Vebar soil in CaO, see Vehar ately slow per- slopns are 9 to 15 slopes are 10.15 slopes are 9 to 15 slopes are less 
series. meability below pereanb. Severe pereont, Severe percent, Sever than 15 pereent, 
depth of 134 feet; where slopes are where slopes are where slopes are Severe wher t 
' slopes of more than 15 more than 15 more thant 1 slopes are more. | 
thar 15 po pereent: difficnlt percent. percent, than 15 pereet, 
int places. to work in soft, 1 
bedrock. 
*Colvin: Co..-_- x _-.-| Severe: high water | Severs: high water | Severe poorly | Sew high water | Severe: high water ) Severe: paor 
For Rogan soil, sve Rugan series. table, table. drained; high table; oveasional talilg; Moading. drainage, 
waler table, flondiug. 
| 
Dagtum. - -...| Severe: very slaw | Slight whore slopes avere: sidewall Severe: high Severe: diliault high 
Mapped only in eomplox with Tiel- | permeability, are 6 to 3 parent, instability; dil shrink-swell to work. shrink-swoll 
field, Morton, Rhoades, and Regent Moderate where cull, to work, potential, potential. 
soils, | slopes are 8 to 9 


percent, 


Severe; tloading; | Severe: flooding....| Severe: very poor | Severe: hequent | Severe: flaodting. ere; Doodle: 
very slow perme drainage. ooding; high high shrink-sweli | 
ability. shrink-swell potential. 

potential. 


Farland: Fad, Fat Moderate: moder | Moderate: mader- | Slight. _| Moderate: moder- | Slight. Moderate: moder- 
aly permeability. ate permeability, ate shrink-sweil ate shrink-swell 
} potential. potential; patentia) 


frost leave, 


*Flaxtan: 

FB. Severe: moderuty | Severe: rapid per- | Slight... Moderate: moder | Moderate: diffiuli | Moderato: moder- 
permeability menbility above ate shrink-swe!l to work, ate shrink-swell | 
belaw depth of 2 depth of 2 10 3:4 potential below potential below 
lo 846 feel. feet, deptin of 2 Wo 346 depth of 234 to 3 

foot. feet; potential j 


frost. heave, 


Sve footnotes at end of tube. 
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of soils—Continued 


Suitability as source of — Soil features affecting — 
Road fil Sand ar gravel Topsoil Pond reservoir | Fmbankinents, | Drninage of crop. | Errigation ‘Perraces and Grassed 
areas dikes, and levees | land and pasture diversions waterways 
Gand; may need | Poor for sand: Poor: texture Rapid permes- | Fair stability; | Notapplicable, | Complex slopes; | Not applicable...| Nob applicable. 
binding high in fine ton enarse. bility; bigh falr ta good Tow available 
material, material; seepage polen- | compaction; water apace 
rly fine Ait, semi-pervious, ity; rapid 
sand, Unsuit- intake rate. 


able for gravel. 


Poor: moderate | Unsuitable.._.....| Good in upper7 | All features favor- | Fair to good sta- | Not applicable...| Moderately slow | Clayey subsoil; Clayey subsoil; 
to high shrink- inches; fair in able. bility and com- permeability; moderately dificult to 
swell potential. lower 7 to 10 paction; sodic. slow permea- vegetate. 

inehes; loxtare imperviaus. bility; slopes 

toa fine. of more than 
6 percent in 
places. 

Fair to poor: Unsultable_____._. Paar: thin sur- Steep to very Poor to fair sta- | Not spplieable__.| Low available Shallow to soft Diffie: to vere 
steep to very face layer; steep steep. bility; semi- water capac bedrock; staep tate; steep to 
stoop; moderate to very steap, porrlous to ity; shallow to to very sleop, very steep. 
to low shrink- impervious. soft bedrock; 
swell potential. steep to very 

steep. 

Fair to poor: Unsuitabie.......- Poort thin sur- Steep to very Fair to good Not applicable,..] Low available Shallow to soft Highly erodible; 
steep to very face layer; stecp | steep; fractured | compactian; water capac: bedrock; sus- dificult to 
steep; pockets, to very steep. tock; high seep- ity; shailow to | ceptible tosoil | vegatate; steep 
of hard rank. are potential, 8 sandstone; blowing: dim- | to very steep. 

dl Meult to steep to very cult to voge- 
vegatate. steep. tate; steep to 
very steep. 

Poor; poor Unsuitable.......- Good in upper? | High water table; | Somipervious to | Low wet areas; Poor drainage; Not applicable...) Difficult to con- 
drainage. inches; fair in normally porvious. high water high water struct and 

lower 7 to 17 Suited only to table, table, vegetate; 
inches: high dugouts, poorly 
water table. drained. 

Poor: high Good in upper 5 | All features Fair stability; Not applicable...| Very slow per- | Sedic; unstable | Difficult to vege 
shrink-swell to 10 inches; too favorable. subject to meablilty; embankment; tate; clayey 
potential; alkaline below. cracking; sodie; saline. clayey snbsoll; | — spbsoil: bighty 
highly plastic. impervious. some slopas erodible. 

mors than 6 
percent. 

Poor; high Onsuitab’ Poor: fine tex- All features favor- | Fair to poor Low wet areas; | Very poor drain | Not applicable...| Not applicable: 
sbrink-swell ture; very poor | able, stability and very slow per- | age; very slow 
potential; drainage. compaction; meability. | permeability. 
highly plastte. subject to crack 

ing; impervi- 
ous, 

Fait: modorate Unsuitable +. Fair: thickness...) Moderate perme- | Fair to good Not applicablo_..| Some areas are Ali features All feaLures: 
shrink-swell sbitity and scep-| stability; gontly sloping, favorable, favorable. 
potential, age potential, impervious. 

Good: shrink Unsuitable... Fair: coarse Rapid permeabil- | Good stability; | Not applicable...) Choppy slopes; | Short choppy Difficult to 
swell potential textured. ity in upper 2 impervious if hazard of salt slopes; suseept~ vegetate; 
reduced when to 314 feat and upper 6 feet accumulation; | {ble to soil nearly laval to 
material is modorately used after rapid permea- | blowing: in hilly; highly 
mixed. slow below; anising; stones bility above some places erodible, 

high seepage and cobble- depth of 2 to sloping and 
potential. stones. BY, feet and Billy. 
moderately 
slow below, 


581~761—Ti- 
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Tan.E 8.—. 


Boil se mibals 


es and map 


Degree and kind 


of limitation for— 


Minginee 


ng interpretations 


Septic jxak 


Sewage [agnens 


Shallow exravations 


Dwellings 


Sanitary lwidfill, 


jabsorption fields t trench 3 

*Plaxton+Continued 

FIA, FIB, FIC, FWA, FWwB, FxB, | Severe: moderately} Severe: moder Slight. Moc Moderate: diMenlt | Moderate wher: 
FxC, FxD stow pertueqhiltty, ately rapid perme. alo shrink. lo wo: slopes ure 0 tad 
Far Livona soil in FIA, FIR, and | below depot? | ability ahove potential below percent, Sovere 
FIC, see Livona series; ior Williams | ta 814 fect. depth of 2 10 846 dopth of 9 to 3% where slopes are 
soll In FwA, FwB, FB, FxC, and feet, feet, more than 9 per= 
FXD, see Williams series. cent: moderate 
shrink-swoll po- 
tential below 
depth of 4 1a 3 
foot; potential h 
hen ve. 

Grail: Gad, GaB, GoA,GeB, Ges. - Sovere: moderately | Slight where slopes dificult | Severe: moderate | Severs: diffienl | Severe: moderate 
slow permeabil- are 0 to 8 percent, to high shrink to work. to high shritsk- 
ity. Moderate where swell potential. swell potential 

slopes are 3 10 0 
it: 

Grassna: Goa, GnB.. ..| Moderate: moder miader- | Slight. Moderate: moder- | Slight... Moderate 
ate pormeshility, neabilisy. shrink-swell aly slving-swell 

lal. potentiat, 

Gravel pis: Gp. f 

No interpretations made; properties { : 
too variable, i 

Harriet: Ha. Severe: slow-per- slow per. | Severe: poor Severe: moderate | Severe: poorly Severe: poorly 
mieability; high meability; high drainage; high to high shrink- drained, drained. 
water table, water table. water table. swell potential; 

high water table. 
*Havrelon: Hb, He, Hd, Hm... ..| Slight at, Motlerate: mod- | Slight. Moderates! poor | Slight®. Moderate! lsxinre; 
For ‘Prembles soit in Hen, see ‘Prem- erate permeabil- compaction. | Potential frost 
jlas sores. tty. henve; moderate 
load-bearing ea- 
pacity, 

Hell: Hs... -| Severe: very slaw | Severe: Nooding vere: poor frequent | Severe: flooding... Severe: flooding; 

permeability. } or bigh water drainage. Nooding; high high shrink-swell 
| table, shvink-swell potential, 
| Potential. H 

Lallie; La, Lb.. .| Severe:, slow pers | Severe: Mooding | Sovere: poorand | Severe: frequent | Severe: Severe: stondings 
mepbility; high or high water very poor drain- | flooring; high high shriuk.swell 
water table or table. age. shrink-swell potentiul, 
flooding, potential, 

Lawtner: Lea, LoB..-... .-| Severe: slow per- | Slight where slapes | Modernte: dim — | Severe; bigh Severs: difieult | Severe; high 
meabillty. are Oto 8 percent. | cult to work. shrink-swell to worl, shrink-swel! 

Moderate whore potential, potential 
slopes are 3 to 9 
percent. 
Lefer: Lea. Sovere:,. moderate- | Moderate: mad- {| Moderate: diffi | Slight... Moderate: soft Slight... 
, lyslowpermea- | crete permen- cult to work be- bedrock below 
bility below dopth) bility. Jow a depth of depth of 24 to 


Sec footnotes at end of table, 


of 24 to 33g feet. 


334 feet. 


334 feet. 
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of soils—Continued 


Suilability as sonree of 


og alfneting— 


Road fill Sand or gravel Topsoil Pond reservoir | Embankrusnts, | Drainage of ero: Trrigation Terraces and Grasse 
areas, dikes, aud levees | Jand aud pasture diyersinns waterways 


Fair when mix 


ds | Unsuitable... Good where siones } Moferately rapid | Falr to good Not applicable._.| Choppy slop: Shor choppy DiMecult ta 


low tomoder- | are 0 to 9 pei permeability In | stabfilty;im-- | hazard of salt slopes; suseept-| vegetain: nearly 
ate shein cont. Fair where! upper 2 to 334 porvious when ueeumulation; | ible to soil leval to hilly; 
swell potential. slopes are 9 lo feet and mod- subsoil and | moderately. blowing; slop- | highly crodible. 
15 percent. erately slow substrate | slow pernica- ing and hilly 
below: high mixed; stones bility below in some places, 
senpuge po- and cobble- | fepth of2 to j 
tontial, stones, 314 fort. 

Poor: moderate | Unsuitable..-.....) Good for silt loam | All features Fairly stable; Nol upplicable.:.| Moderately slow | Clayey subsoil...| Clayey subsoil. 
to high sbrink- phase. Falr for faverable. subject to permeability; 
swell potential; silty clay Joam cracking: Im- 8 few slopes 
plastic. phase. pervious. more than 6 

poreent. 

; moderate | Unsuilable.......-| Good. Moderate per- Fair stability; | Not applicable._.| Some areas All features fa | All features fue 
stirink-swell meability and impervious 10 gently slaping. | verable. vorable, 
potential. seepage potens semipervions. 

tial, 

Poor: moderate Poort saline, High water table; | Unstable; poor | Ditehbanks mn- | Sodic; salina; “Unstable ett Diffieult. to vege= 
to high shrink alkaling, or normally suited | to fair com- stable; high poorly draiied;}  benkments; tale; poor 
swell potential; both, only to dug: paction; sub- water table. slow permea- difficult to drainage; 
poor drainage. outs, ject to crac bility. vegetate; sa- saline. 

ing; imparvie line and sodle. 
ous, 

Fair if soil layers | Unsuitable. Good... Thin, rapidiy | Poor to fair sta- | Nob applicable.._] All ieutu Not applicable. | Not applicable. 
mixed: low to permeable bility and favorable. 
qnaderate strata in places! compaction: 
shrink-ewell suited only to semipervions. 
potential. dngouts, 

Poor: high Unsultable. Podr: loo alkae | All features fae Unstable: sub- | Very slow per- | Very slow per- | Notapplicable...] Not applicable. 
shvink-swelt line; paor vorable. Joet to erack- nicability; mneallily; 
potential; poor drainage. ing; impervi+ diteh bans sadlie; saline; 
drainage. uustable. poor @rainage. 

Toor: high Unsuitable........| Poor: poorand | Flooding and ‘air Le poor Tnadequate Poor aud very | Nol applicable... Not applicable. 
shrink-swell ‘very poor ; Danding;suiind | stability and drain outlets; poor drain- 
potential; peor drainage. only to dugouts.| campaetion; high water 220; slow pot 


poor ianparvions, table. mieability. 
drainnge. 


Poor: Wigh Unsulluble_:....| Poor: due tex | Allteatores fa | Poor to fairsta- | Nafappiieable...] Slow permeabil- | Clayey subsoh; | Clayey subsoll; 
shrink-swell tured. vorablo. bility and Hy;suseeptie | difficult te dileutt to 
potontlal; eompnation; ble to salt vegutaio; un. | _vegetate. 
highly plastic. impervious. accumulation, | stable banks. 

Puir to good: Unsuitablo._......| Fair: thickness._.| Moderate per- DiMeult ta Nol applieuble...| Moderately deep | Difficult to Highly crodible: 
slrink-swoll po- meabilicy and | vegetate; fair to soft bed- vogetate; sus- | diffeult to 
tential mod- seepage po- stability; good rock; hazard ceptible to soil | vagetato. 
erate iu subsoil tential, coupaction, of salk accu blowing. 
and tow in sur- | Jnnialion; 
face Inyer and | moderately | 
substrata. | | slow permea- 


} bility in bed- 
| rook. , 
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TABLE 8.—Engineering interpretations 


Degrea and kind of limitation for~ 
Soll series and map symbols aaa | 
Septic tank Sewagn lagaons Shallow excavations Dwellings | Ssnitary landfill, Local roads and 
absorption fields ' trench ? slroels 

Lehr. Slight 4. Severe: very ro- Moflorale: side- Slight. Severe: very rar Slight... 

Mapped only in complex with Stady pid permeability wall instability. Pid permeability: 
soils, uelow depth of below depth of 
1 leet, 136 foot. 

Linhen: LhA, LkA.. Slight ¢ whore Severe: rapid Severe: sidewall Slight where slopes | Severe: rapid Slight where slopes 
slopes are 0 to 9 permenbility. instability. are 0 to 9 percent. Permeability. araQ tod pereant. 
percent. Moderate Moderate where Moderate whera 
whore slopes are 9 slopes are fl to 15 slopes are moro 
to 15 percent, percent. than 9 pereent, 

Linton: Lic, Lng, -| Slight. -| Moderate; ~mod- Moderate: peor Slight___. Moderate texture; 

For Mandan sol erate permen- eompnetion. mmodernic load- 
sorios, bility. bearing capacity, 
| 
Livona. -| Sevors: moder- Slight where slanes | Sight whera slopes | Moderate: mod- Moderate: diffi. Moderate: mod- 
Mapped only in complex with Flax- ately slow per- are 0 to 3 percent. are 0 to 9 percent. erate shrink- eult to work. erate shrink- 
ton solls. meability below Moderate whero Moderate where swell patential, swell potential. 
depth of 134 fect. slopes are 3 to 9 slopes are 9 to 15 
percent, percent. 
Savara whera slopes 
are more than 9 
percent, 

Lohler: Lo Severa:? mader- | Slight = _ Moderate:3 dif. | Severe: high Sevare: difieult | Severe: high 
ately slow eult to work, shrink-swall to work, shrink-swell 
permeability, potential, potential. 

Mandan: 

MaA, MaB. PUB Bic nicsivinscsss Moderate: moder- | Slight... Moderate: poor Stight.. Modorate texture; 
ate permeability. campaction, moderate load- 
bearing capacity. 
MbA, MbB.. | Slight __ 2-2. Sovere: very rapid | Moderate: sldowall | Slightifexcavated | Severe: very rapid | Slight if material 
permeability instability below below depth of permeability below depth of 
below depth of depth of 344 feet. 34 feet. ‘below depth of 34 feet Is nixed 
3% feet, 334 fast. with material 
above that depth, 

Manning: Mes. -| Sight ¢ | Sevore: vary rapid | Moderate: sfdawall ; Slight.. Sevare: very rapid 

permeability instability below permeability 
below depth of depth of 2 foet. below depth of 
2 feet, 2 feet, 

| 

| 

Mine dumps: Md. 

No interpretations made; properties 
toa variable. 

Morton’* Mod, MoB, MoC, Mod, MpA,| Severs: moder Moderate where Moderate: dificult | Moderate: fair Moderate: soft: Moficrate toxture; 

MpB, Mpc, Msc, ately slow per slopes are 010.8 to work below compaction; iow hedrock balow moderato lond- 

For Dagium soil in MpA, Mp8, and meabllity below percent. Savere depth of 124 to to moderate depth of 134 to bearing capacity; 
MpC, sea Daglum serfes; for Sen depth of 174 to where slopes are. au feet. shrink-swoll 324 foot, ‘potential frost: 
sollin MsC, soo Sen series, 344 feet. more than 9 per- potential, heave, 

cont: moderate | 

pormeability. | 
| 
| 


See footnotes at end of table, 
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Suilabilily as snuree of— Soil features aflecling— 
Road filt Sand or gravel Topsoil Pand reservoir Embankments, | Drainage of crop- Irrigation Terraces and. Grassed 
areas dikes, and levees | land and pasture diversions waterways 
Good: may need | Voor to falt: Fair: thickness. | Permeability is | Nesds binding  Notapplicable...| Low available | Shallow to gra- | Erodible; ditti- 
binding mate- high in &ne moderate to a material; water capa- vol; ormbank- oult to vege. 
rial. Material; soft depth af 134 mixed, porous ‘ity; shallow ments are tate; low avail- 
stone and iren- foot and very stones and te sand and porous and able water 
stone. rapid below; cobblestones. gravel. dimentt to capacity. 
high seopago vogetate; few 
potential, slopes of mora 


than 6 pereent. 


Good: msy Unsuitable....-... Good for fina Rapid permes- | Fair stability Not applicable...} Raptd permea- | Susceptible to | Highly erodible. 
need binding sandy loam bility and high and compa- bility; short soll blowing: 
material. phuse. Fair for | seepage po- tion; semi- uneven slopes | short or steep 

Joamy fine sand | tential. pervious, in some areas, | choppy slopes 
phase. in some areas. 

Fair: poor stae | Unsultable........ Good... .| Moderato per- Poor stability | Not applicable.._| Choppy slopes | Areas of un- All features 
bility and aneability and and compas: in places, even choppy favorable, 
paction seepage po- tion; semi- slopes; some 

tential. pervious, slopes of more 


than 6 percent. 


Fatr when mixed; | Unsuitable... Good where the | Moderately rapid | Fair to good Not applicuble...] Choppy slopes; | Short. choppy Highly crodible; 
low to mod- surface layer permeability; stability; ime hazard of salt slopes; some nearly level to 
erate shrink- is fine sandy sbove depthef | pervious when aconmula- slopes more. hilly slopes; 
swell potential. loam. Fair 15 inches; high soil layers tion; modet- than 6 per- diMienlt ta 

where the sur- seepage pa mixed; stones ately slow ‘cont; suse vegelate. 
face layer is tential. and cobble- permeability ceptible ta 

loamy fine stones. below depth soil blowing. 

sand. of 20 Inches. 

Poor: high ‘Unsultable. -...... Poor; fine Suited only to Fair compac- Nol applicable... Moderately slow | Not applicable_..| Not appileable: 
shrink-swell textured. dugouts; all tion and sta- permeability. 
potential; features bility; 
plastic. favorable. impervious. 

Fair; poor Unsuitable #.___. Moderate per- Poor stability Some ateas A few slopes All feetures 
stability and meability and ‘and compac- gently siopiug. more than favorable. 
eampaclion. soepage tlon; semi- 6 percent, 

potential. pervious. 
| Good whan silty | Poor to fair: Permeabtitty{s | Mixed silt, sand, | Not appilcable...| Rooting dopth | All features All features 
and coarse high in fine moderate above and gravel; to 345 feet, favorable, favorable. 
lnyers mixed. material, soft depth of 344 fair stability ‘which is above 
stone, and feot and very and compac- sand and 
| tronstene. rapid below; tion; semi> gravel. 
if high seepage pervious. 
} | potential. 

Gavd: may need | Poor to falr: .| Permeability ts Pair stability Net applieshlo...| Low available Suseeptible to TLovw available 
binding high in fine. i moderately and compac- water capec- soil blowing. water capacy 
material, material, soft, repta above ‘ton; semi- ity; moder- ity; crodible; 

stone, and depth of 2 feet porvions. ately deep to difficnlt to 
ironstone. and very rapid sand and vegotato. 
below; high gravel. 
seepage 
piotential. 
| 

Fair: low to Unsuitable... -| Fair: thickness -___ | Moderate per- Fair to good. Notapplicable_..] Moderately Sloping to hilly | Noarly level to 
moderate meability and stability and steep to soft in some places. billy, 
shrink-swell seopage poten- | compaction; bedrock; 
potential wd tint. ‘impervious, haaerd of 
plasticity. salt aeeumu- 

lation; mod- 


erately slow 
pormeabllity 
i | in bodrock. 
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TABLE § 


— Engineering interpretations 


Soil geries and map symbols 


Degrees and kind of limitation for— 


Septic tank 


Seavage Ingoons 


Shallow excavations 


Dwellings 


fi 
Sanitary land, i Local roads and 


absorption fields 1 trench? streets 
“Noonan: NIB. 7 Severe: slaw Slight where slopes | Severe: sidewall { Severe: high Modorato: Severe: 1 
Far Fluxton sail, see Flaxton series, permeability. to3 percent. | fustability;diMi- | shrink-swell dimentt shrink-swell 
where cult to work. potien tial. to work, potential. 
slopes ure 8 to 9 
pereatt. 

Parnell: Pa.. Severe: slow Severe: floading....| Severe: very poor | Severe: frequent | Severe: flooding....} Savare: flonding; 
permeability; drainage. flooding: high high shrink-swe!l 
flooding. shrink-swell potentia}, 

polent 

‘Parshall: PhA, Ped, Pee, PIC. Slight... Severe: moderately | Slight | Slight... Severe: moderately | Slight. . 

For ‘Pallysoilin Ptc, see Tally series. rapid permen- rapid permear 
vi Wility. 
Severe: high water | Severe: high waler paor and | Severe; occasional | Severe: high wator { Severe: flaoding.. 
table or flooding. | table. very poor drain- or ireqeent table; ooding. 


ReA, ReB, ReC,RIA, RIB, RIC... 
, and 


Regent: 
For Daglum soil in RIA, RI 
RIC, sco Daglum series. 


seo Dagium seri 


For vugiim soil, 


Ringling: Rye... 


Riverwash: Rw, 
No interpretations made; propertics 
too variable. 


Savage: Sad. 


See footnotes at end of table, 


Severe: slow per- 
meability; very 
slow below deptit 
of 244 to 834 fuck, 


Severe: very slow 
permeability. 


Severe: whereslopes 
are more than 15 
pervent. 


Severe: moder- 
ately slow per 
maeability. 


Slight where slopes 
are (08 perecut. 
Moderate where 
slopes ave to9 
perseut, 


Slight where slopes 
are 0 10 3 percent. 
Moderate whore 
slopes are 3 to G 
Tercent. 


Severe: rapid per- 
meability; slope. 


Slight. 


ugo; high water 


table. 


Moderato: 
to work, 


Severe: 


Sever 


Moderate: 
to work, 


slop 


idlicult 


sidewall 
instability; diff 
cult to work, 


difficult 


flooding or high 
water table, 


Severe: moderale 
to high slriuk- 
swell potenti], 


Severe: high to 
very high sheink- 
swell potential, 


Severe: 


Moderato: 


moder 
ate shrink-swelt 
potential, 


Severe: difficult to 
work, to high shrinks 
swell patential, 
Moderate: difficult | Sever 
to work, 


potential. 


: rapid per 
aeahility; slope, 


Severe; whete elopes| 
are more than 15 
percent. 


Madera aiMenls 


vo work, 


pateutial; po- 
tential frost 
heave. 
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Suilahilily as sonrer o— Soil features affecting— 
Seana ee aia Game { 
Road fill Sandi or gravel ‘Topsoil Embankinents, | Dminage of evop- | Tvigation Teraces und 
dikes, and levees | land and pastnare diversions waterways 

Poor: high Gusuitahle, Gaod in the AU Ieatures Faty to poor Nat applicable__.| Undulaling Notapplicable...| Clayey subsotl; 
shrinkewell upper 4 (0 10 favorable. stability and slopes; sodic dient to 
potential; inches; compaction; andseline; vegetaie. 
plasticity. helow: stones ana slow per- 

alkali cobblestones; meahility, 
Impervior 
subject to 
racking. 

Poor: high | Poor: very pior | All features Pair to poor Dralnage outlets | Very poor draln- | Not applicable...) Not applicable, 
shrink-swell drainuge. favorable. stabilily and inadequate in age; slow 
potential; very compaction; some places; permeability, { 
poor drainage. impervious, slow pornen- 

bility. 
Good... Good... Moderately rapid Not applicwble...) Gently sloping | A few slopes Highly ervdiple. 
permeabllity; and compac- oz sloping In more than 6 
high seepage tion; semipor- some areas, pereont; sus- 
potential, 
soil blowing, 

Paor: low bo Unsuitable. Buirinuppor to | Migh water titble; | Fair stability; | Wet wrens; mod- | Poor and very | Not applicalie.__| Ditientt to 
moderate inghes. Poor in | sulted only ta seri pervious erate p peor drainage; ob and 
sheinieswell wotareas;high |  dugonti tolmpervions, | bility; hi high water | elale; poor 
potential: poor water table; water table. | table. and very poor 
to very poor slight to mod- | drainage. 
drainage. crate saliuily. | 

Poor: anoderaie afr: texture too | All features Pair ta good Not applicable.__} Permeability is | Clayey subsoil; | Clayey subsetl; 
to high shrink: fina, favorable. stability and slow ta.a some slopes highly erodibla, 
swell potential compaction; depth of 246 to | more than 6 
and plasticily. impervious. 334 feet but percent. 

very slow he- 

low: mader- 

ately deep to 
| shale. 

Poor; high to Unsuitable. Poor: strongly | All atures Pair to poor Not. applicable. ary slaw per- | Clayey subsoil; | Clayey subsoil; 
very high alkatiag and favorable, stability and anwabilily; thin surface diRoutt to 
shrink-ewell saline helow eompactiou; alkaline; sodic; | layer; diffieult | vogatate; 
posemiial and thin surface | impervious; low avaliable to vegutale; saline; av 
Dinsileity. layer. subject La water eapac- silline and stable; highly 

cracking. ity. sodio; un erodible, 
stable em 
| bonkinents, 

Pair to poor: Fair for rond sub- | Poor: highin | Repid permea- | Needs binder Not applicable...| Low available | Shallow 10 Shallow Lo 
very steop; | base and surfae- | coarse material; | bility; very anixed; porous. water eapnelly;/ scorta; difficult | seoria; diMenlt 
neods binding ing: pulverizes very steep, steep; high shallow to ta vegeuule; | to vegetate; 
maietial. easily. Unsnit- seepage po- very steep. | __-very sleep, 

able for all tential. stoop. | 
other uses, i 

Poor: moderato } Dnsuitable......-. Good where All features Fair to good Not applicable. .| Moderately slow | Glayoy in part | Clayey in part 
shrink-swell surface layer of | favorable, stabliisy and pecmoability; of subsoil, of stthssol! 
potential: high silt: loam to compaction; hazard of salt 
plasticity. depth of 7 impervions: necunnulation, 

inches. Fair subject 10 
whore surface cracking, 
layer is alliy H 


¥ loam. 
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TasueE 8.—Enyineering interpretations 


Dogree and kind of limitation for— 


Soil series and map symbols ” 
Septic tank Sewuge Ingoons | Shallow exeavatinns Dwollings Sanilary landfill, 


absorption fields 1 troneh 
| 
*Ben:¢ SeC, SmA, Sma, SMC, SmD,....) Severe: moder- Moderate where Moderate: diffeull. | Maderste: ..fair to Moderute: ..soft Moderate: iex- 
For Werner soll in SeC, see Werucr | erately slow per- slopes are @.10 9 to work below =| poor‘corupaction. bedrock below ture; moderate 
secies; for Amor soll in SMA, SMB meability below percent. Severe depth of 2to3 depth of 2 to 3bg load-bearing 
SmcC, and SmD. see Amar series. depth of 2 to 344 where slapos ara foot. feet, capacity. 


feet. more than 9 
parent: mods 
erage permes- 


bility, 
*Stady: StA, Su, Suc. --++{ Slight 4... | Severe: very rapid | Moderate: sidewall Severe; very rapid | Slight. 
For Lehr soil in Su@ and SuC, see permeability be- inslabillty below permeability be- 
Lehr series, low depth of 134 depth af 13¢ to Jow depth of 134 
ta 36 feet. BU4 leet. 0 3; feet. 


Straw: SwA, Sx... Severe: flooding... 


| Severe: floodiny Severe; flooding....| Moderate: poor Severe: flooding....| Moderate: acca 
| compaction; oc- slonal floeding. 


essional flooding. 


Strongly saline land: Sy 
No interpretations made; properties 
too varlable, i 


‘Tally: TaB, ThA. -| Slight... Severe: mod- Slight Blight, Severe: _mod- 
For Parshall soilin Ta@, see Parshall erately rapla erately rapid 
series; for Vebar soil in TbA, see | permeability. permeability. 
Vebar series. 
“Telfer: TeQ.. Moderate: slope...] Severe: rapid per- | fevers: sidewall Slight where slopes | Severe: rapld per- | Slight whore slopes 
For Lihen soil, see Lihon series. meubility; slope. Instablitty. aredto9 percent. | meability, are 0 to D pareent, 
i Moderate where Moderate where 
| stopes are 9 to IB slopes are 9 1015 
percent. percent, 
*Tamvik: TmA, Twa, TwC, TwD..-..-- Sovero; moderate- | Slight where slopes i Slight... -| Mederate: moder- | Moderste: diffient: | Moderate: moder- 
For Williams soil In TwB, TwC, and Ty slow perniea- are 0 ta 4 pereent. ato shrink-swell to work. ate shrink-swell 
Tw0D, sce Williams serles. bility below Moderate where potential; fair potential; potential] 
depth of 2 feet. slopes are 3 to. 9 compaction. frost heave. 


percent; Severe 
where slopes are 
more than 9 pers 
cont; moderate 
permeability 
above depth of 2 


Tecl. 
“Tonka: Tx.. 2 Severe: slow per- | Severo: flooding or | Severe: poor Severe: frequent { Severe: flonding....| Severe: poor 
For Parnell soll, see Parnell series. meabillty; high water table. | drainage. flooding. érainage. 
flooding. 
When bli ace seecieete eal eevee aed Blight Severe:! moder- | slight 3... Severe: moder | Slight #___ 
Mapped cnly in complex wilh Banks ately rapid pet- ately rapid pers 
and Tavrelon soils. meabllity. | meability. 


See footnotes at end of table. 
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Suitability as soures of 


Boil features affecting— 


Road fill and or graval Topsoil Pond reserveir | Riabankments, | Drainage of erop- | Irrigalion ‘Tarraees and Grassed 
aYeAS dikes, and levees | lund nad pasture diversions waterways 
modorace | Unsuitahie......| Fair: thicknioss.| Moderne permea- | Falr to poor Not appticable,..| Moderately deop / Sloping to billy / Nearly levol to 
nic-swell bility abave stability and to soft bed in places. hilly. 
potential, dopth of 2 to eompaction; roek; hnaurd 
3% lect; mod- vious to of salt: ge- 
erate seepage semipervious. | oumulation. 
potential. { 
| 
Good when Loor to fair: Good... Permeability is | Mixed loam and | No applisabla.__.) Low availabio | Sant and gravel | All features 


lan 
eourse Inyers 
ata mixod, 


ny aid high tn fine 
mintarin!, soft 
stone, and iron. 


stone, 


Fair: low to 
moderale 


Unsuitable... 


slrinc-swelk 
1. 


patent 


ood... Unsuitable 4... 


Unsultatile 


Fair: 
ta low shrink- 
swell patontial; 


moderate} Unsuitable. 


poor to fai 
compaction and 
stabbity. 


Poor: moderate | Unsuitable. 


shrink-swell 
00r 


potential; 
drajnage. 


Goad. . Unsullabte.. 


1-761—75——8 


a 


Gaod... 


Good... 


Fair: coarse 
toxturad, 


Good. .-... 


Poor: poor 


drainage. 


muderaie in up- 
per 134 to Sha 
feet and vary 
rapid below; 
high seepage 
potential, 


Moderate permes- 
bility; more 
porous str 
palaw dapth a1 
‘2 feel im places; 
moderate seap- 
age potential. 


Moderately rapid 
permeability; 
high seepage 
potential, 


Rapid permes- 
| billty; steep: 
high seepege 
potential. 


Moderate permea- 
bility in upper 
2 to 81¢ fee; 
moderate 
age pole 


All foatures favo 
able, 


{ Moderately rapid 
pormeability; 

high seepage 

potential, 


course layers 
give fair sta- 
bllity; semi- 


iy and 


Fair sibility 
aud compac- 
tion; semi- 
pervi 


Fair slabilily 
anid campac- 
tion; semi- 
porvious. 


Vair stability 
and eompan- 
Lion; seni 


ous; 
stones and 
colsblestones. 


Good Lo fair sin- 
bility ond 
compaction; 
inpervicus: 
subject to 
cracking. 


Pair stability 
and compac- 


pervious. 


Nat appliewbla__. 


| Not applicable. 


| Not applicable...| 
| 


Nat applicable. _ 


Inadequate 
drainage out- 
lets in place 
slow permes 
bility 


Nol appiieabte.__ 


water capacity; 
moderaicly 
Heap (a sand 
and gravel. 


All features 
favorable. 


Choppy slapos 
in places, 


Low available 
water capacity; 
sleep. 


Choppy slo} 
moderately 
siow permes- 
bility below 
depth of 2 to 
8Y4 feet. 


Poor drainage; 
slow permea- 
bility. 


Moderate avail- 
able water 
capncily. 


al depth of 1% 
1 874 leas 
some slopes 
more thin & 


percent. 


All lestures: 


Short, choppy 
slopes in 
places. 


Sandy; sleep 
slopes; suscep- 
tLblo bo soil 
blowing. 


Short, choppy 
slopes in most 
places bat 
sloping to billy 
in some places. 


Not applicable. _. 


Not applicable... 


favorable, 


All features: 
favarablo. 


Highly eradib ¢ 


Difficult to vege 
tate; highly 
erodible; slope. 


Nearly tevel to 
hilly, 


Nol applicable. .- 


Not applienbic, 
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TARLE S.—Hngincering interpretations 


‘Degree and kind of nitation for— 


Soil series sand map synibols 
Septic tank 


Sewage lagoons 
abseryition (elds 


Shallow exeavations Dwoilings ¥ landfill, 


veh a 


Local roads und 
sires 


“Vebar: VaC, VbD, ¥hD, VkB, VIB,VIC_- 
For Cohagen soli in VhO, see Co- 

haget sories; Tor Lally soil in VB, 

VIB, and VIC, see Tally series. 


Severe: anoder- 
ately rapid 
meability in ap- 
per 12410 3}4 
fee 


Sevrre: moder- 
ately slow por 
meabilily below 


“Velva: Vs 7 --| Severe: Muoding___.. Severe: moder- 
For Saw soil, seu Straw govies ately rapid per- 
sneability; 
flooding. 
Wabok: Wad Slight « whers Severe: yory 


rapld and rapid 
permeability; 
slopes. 


erale where slopes 
18 per- 


toore ‘ivan 16 
percent. 


rner 
Mapped only ine 
and Ser soils. 


Severo: stow por- | Moderate where 
meability below slopes are 3 to 9 
depth of 134 feet; | pei 
some slopes more | where slope 
than 15 pereent. more ian 9 

percent, 


wilh Cabhu 


4Willinns:§ WIA, 

Whe, WzD 
For Finxion soil in Wn, see Flaxton 
series; for Zattl soi} in Wz D, seo Zahl 


WIB, WIC, WiC, | Severe: slow por- 
meability below 
depth of 136 fo 


some slopes mote 


Slight where slopes 
are D 10 3 pereont; 

ia where 

Bure 3 to9 


sories, dhan 15 ps | pererni. Severe 
| where slopes are 
more thai 
pereenh, 
*4onl: ZaD. Za€..... Severe: moder- Revere: stopes..—. 
For Williams soil in Za and Za atuly siow por 


see Williams serie 


meahiliiy; some 
slopes more Lhan 
18 percent. 


Moderate: aifti- Slight Where slopes | Severe: wader- Slight. 
enll te Work bo- are logs than 9 ately mpid per- 
low depth of 13% nt. Moder- meabtlity in ups 
to 3}6 feet. ale Where slopes: per Lig Lo di 
are 910 15 font. 
percent. 
Severe: floacing....} Severe: frequent | Severe: fooding.._.| Severe: freeuent 
flooding, flooding. 
Be sidewall | glight where slopes Slight where slopes 


instability; difi- 
ent Lo Work 


are 0 to 9 poreent, than 9 


Moderate where 


are: Tess 


slopos aro #40 15 j Ale where slopes 
percent. Severe to Mh per- 
whe Severe 


are inor 
16 percent. 


whore slopes are 
amore than 15 
percent. 


Moderate where Moderate: poor Jodovate where Moderne where 
slopes aro 910 1B] compaction. slopes are J 1015 
porcent, Severe pereont. Severn | 
where slopos are where slopes are 
more than 18 anore flint 16 move than 15 
pereent. prreent, percent | 

Moderate where Moderate: mod | Moderate: diffieuls | Moderate: mod- 

ovate to Wigh ovale to high 
shrink-swall swell 
Severe where potential. ; peter 


tial frost heave. 


slopes are more 
than 14 poreent. 


Moderate whare 
slapes are 9 to 15 


Moderate where 
slopes re 9 to 18 


Madernle where 
slopes are 9 to 15 


Modorate where 
e Dhol 


percent. Sev | percent. Severe percent, Severe vent. Savers | 
wher ions a whore slopes are where slopes ure where slopes are 
amore than 15. more than 16 more Whar 18 
pereent, pereens; mod- percent: mod- 


arate shrink~ 
swell potential 


ernie 10 high 
shrink-swell 
potential, 


ank ratings based on ffoot deplly; percolation fs below frost line in winter. 
2 Onsitestualies of the underlying s 


shown in the tables, generally depths greater than 6 
feet. Also, inspection of sites, especially the small ones, 
s necded because many delineated areas of « given map- 
ping unit may conta smal] areas of other kinds of soil 
that have strongly contrasting properties and different 
suitabilities or limitations for soi) engineering. 

Some of the terms used in this soil survey have special 
meaning in soil science that are not used in engineering. 
The Glossary defines many of these terms commonly 
used in soil science. 


a water table, and hazards af aquifer pollution and drainage huts ground water need ta be made for 
3 Flooding is not a evitical limitation (no Nooding of Banks, Havrelon, Lohler, and ‘Trenmbles goils in Oliver County since closure of Cy 


per than 5 or 6 feel. 
igon Dam in 1962). 


Engineering classification systems 


The two tems most commonly used in classifying 
suniples of soils for engineering are the Unified system, 
(7), used by the SCS engineers, the Department of 
Defense, and others, and the AASEO ystern, adopted 
by the American Association of State Highwny Officials 
(2). 

In the Unified system soils are classified according 
to particle size distribution, plasticity, liquid limit, and 
orgunic-mutter content. Soils are grouped in 15 classes. 
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of soils—Continued 
Suitability as souree of-— Soil fentunes affecting 
Road ait Sand or gravel Lopsoil Pond reservais | Bmbankments, | Drainage of erop- | Irrigation Grassed 
areus dikes, and levees | land and pustora diversions waterways 
-| Tnsutuable thickness...] Modurately rapid | Fair stability Not applicable.._| Choppy aud sloping to sieep | Diffouly to vege- 
aud compare sleep stop in pio tate; nearly 
ihe upper 144 to ef Hi phec short, uneven level lo steep; 
314 feet; high moderately slopes In places;| high erodilste, 
seepage deep over suacoplible to 
} potential. sandstone; soll blowing. 
moderately 
slow permea- 
j wility In 
sandstone. 
Good. seen. ‘Unsuitable... GO0d iw suwees.s, Moderately rapid | Fair stability: Not applicable._.| Moderate avail- | Susceptible to Tlighly erodible. 
permeability; and canipac- able wales soi) blowing. 
high seepege tion. 
potential, 
| 
Goon: needs Fair to poor: Poor: thi Rapid and very | Bair stability Not applicable...) Very shallow to | Very shallow to | Very low aveil- 
binding highin fing | surface layer and] xapid permen- and eompae- smd and gravel; needs a 
muleriai. material, soft too enarse pility; high (ion; porous; gravel; vory binding ria capaeity; 
slone, and textured below, slones und Jw available torial, diMeult | diffionlt to 
ironstone. cobblestones, wator to vegstatc; vegetalo. 
capacity, anany slopes 
more than 6 
percent. 
} 
Flo poor: Unsuitable. =| Boor: thin Sloping to very aly to poor Nol-applicable...) Shallow to soit | Shallow to soft | Dificals to vege- 
cop and very sutfaee layer; sleep; mofer- stability and pedroek; pedroek; tate; sloping 
sleep; low to op to very. ate permea- eonrpactian; sloping ta very, sloping to very: to very steep. 
stesp. bility in upper | semipervions, steap; low steep. 
shrink-swell 134 feet; mod- available 
{ Potential. erate seepage water 
potential, capacity. 
Fair to poor: Chidknosa..| Moderato perme- | Gone 10 faix Not appligstsle...| Moderately slow | Short, meven | Nearly level to 
anoderate 10 \ ability in upper | stability and permeability slopes; sloping sleep. 
| high shri 336 feot; riod | eampnetion; below depth to steep in 
| swell potential; erate secpage =| impervious; of 136 feet: some places. 
fair compac- ij potential, | slones and nearly level to 
tion and i cobblestones. hilly; short, 
Ty. slopes, 
Falt to poor: Unsuitable. -| Poor; thin Hilly to steep; acl to fair Not applicable... Hilly and steep, | Hilly and steep, | Hilly aud steen; 
ruoctomte ta surkace layer Timited storage ability and. short slopes; short slopes; i 
high shvink- hilly to st eapacity, eompuetions thin soil, erodibility. vogwiate. 
swell potential; impervious; 
iv compas- slanes and 
tion and cobblestones. 
stabfltty, 
I | 1 


4 Pollu.ion is a hazard In places because af rapld permeability in substratum. 
# Locelly, gravel and sand are helow a depth of 3 ta 5 feet. 


* Sails wilh surface stony phases in a few places that make carthmoving more diffleult and make poorly compacted emhankmanis. 


There are eight classes of course-grained soils, identified 
as GW, GP, GM, GC, SW, SP, SM, and SC; six classes 
of fine-grained soils, identified as ML, CL, OL, MH, CH, 
and OH; and one class of highly organic soils, identified 
as Pt. Soils on the borderline between two classes are 
des ae by symbols for both classes; for example, 
ML-CL. 

The AASHO system. is used to classify soils aecording 
to those propertics that affect their usc in highway 
construction and maintenance. In this system, a soil 


is placed in one of seven basic groups ranging from A-L 
through A-7, on the basis of grain-size distribution, 
liquid limit, and plasticity index. In group A-1l are 
gravelly soils of high bearing strength, or the best soils 
for subgrade (foundation). At the other extreme, in 
group A~7, are clay soils that have low strength when 
wot and are the poorest soils for subgrade. The estimated 
classification for each soil mapped in the county is given 
in table 7, 
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Soil properties significant to engineering 

Several estimated soil properties significant in. engineer- 
ing are given in table 7, These estimates are made for rep- 
resentative soil profiles, by layers sufficiently different. to 
have different. significance for soil engineering. ‘The 
estimates are based on field observations made in the 
course of mapping, on test data for these and similar 
soils, and on experience with the same kinds of soil in 
other counties. Following are explanations of some of the 
columns in table 7. 

Depth to bedrock is the distance from the surface of 
the soil to the upper surface of the rock layer. 

Depth to seasonal water table is the distance from the 
surface of the soil to the highest level that ground water 
reaches in the soil in most years. 

Soil texture is described in table 7 in the standard 
terms used by the Department of Agriculture. These 
terms take into account relative percentages of sand, 
silt, and clay in soil material that is less than 2 milli- 
meters in diameter. “Loam,” for example, is soil material 
that contains 7 to 27 percent clay, 28 to 50 percent silt, 
and less than 52 percent sand. If the soil contains gravel 
or other particles coarser than sand, an appropriate 
modifi added, as for example, “gravelly lonmy sand”. 
“Sand,” “silt,” “clay,’’ and some of the other terms used 
in USDA textural classification are defined in the Glossary, 

Permeability is that quality of a soil that enables it to 
transmit water or air. Tt is estimated on the basis of the 
soil characteristics observed in the field, particularly 
structure and porosity, and on the results of permeability 
and infiltration tests on undisturbed cores of similar soil 
material. The estimates in table 7 do not take into account 
lateral seepage or such transient soil features as plowpans 
and surface crusts. 

Available water capacity is the ability of soils to hold 
water for use by most plants. It is commonly defined as 
the difference between the amount of water in the soil at 
field capacity and tho amount at the wilting point of 
most crop plants. The figures in the table show the amount 
of water that will wet air-dry soil material to a depth of 1 
inch without deeper percolation, 

Reaction is the degree of acidity or alkalinity of a soil, 
expressed in pH values. ‘The pH value and the terms used 
to describe soil reaction are explained in the Glossary. 
Soils that have a pH of less than 8.5 are likely to have 
high consolidation potential and better shear strength 
than other soils, and a high degree of alkalinity, par- 
ticularly a pH of more than §.5, promotes dispersion, 

Salinity refers to the amount of soluble salts in the soil, 
It is expressed as the electrical conductivity of the satura- 
tion extract, in millimhos per centimeter at 25 C. Soils 
that have a rating of moderate to very high contain gyp- 
sum. They are suitable for borrow material, but they 
should not be used in foundations because abnormal 
porosity may result, when. the crystals dissolve. 

Shrink-swell potential is the relative change in volume 
to be expected of soil material as its moisture content 
changes; that is, the extent to which the soil shrinks as it 
dries out or swells when it gets wet. Extent of shrinking 
and swelling is influenced by the amount and kind of clay 
in the soil. Shrinking and ‘swelling of soils causes much 
damage to building foundations, roads, and other struc- 
tures. A high shrink-swell potential indicates a hazard to 
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maintenance of structures built in, on, or with material 
having this rating. 

Covrosivity, as used in table 7, pertains to potential 
soil-induecd chemical action that dissolves or weakens 
uncoated steel or concrete, The rate of corrosion of wn- 
coated steel is related to soil properties, such drainage, 
texture, total acidity, and electrical conductivity. Cor- 
rosivity for concrete is influenced inuinly by the content 
of sodium or magnesium sulfate, but also by soil texture 
and. acidity. The salts are quite soluble, and salt solution 
entors the pores of concrete and as it dries reforms crys- 
tals, which expand, rupture the concrete, and cause de- 
terioration, Installations of uncoated steel that intersect 
soil boundaries or soit horizons are mor pttble to 
corrosion than installations entirely in one kind of soil 
ot in one soil horizon. A corrosivity rating of low mearis 
that there is a low probability of soil-induced corrosion 
damage. A rating of high means that there is a high 
probability of damage, so that protective measures for 
stecl and more resistant concrete should be used to avoid 
or minimize damage. 


Engineering interpretations of the soils 


The estimated interpretations in table 8 are based on. the 
engineering properties of soi own in table 7 and on the 
experience of engineers and soil scientists with the soils of 
Oliver County. In table 8, ratings are used to summarize 
limitation or suitability of the soils for all listed purposes 
other than for pond reservoir arens; embankments, dikes, 
and levees; drainage of cropland and pasture; irrigation; 
terraces and civersions; and grassed waterways. For these 
particular uses, table 8 lists those soil features not to be 
overlooked in planning, inetallation, snd maintenance. 

Soil limitations ave indicated by the ratings slight, 
moderate, and severe. Shght means soil properties are 
generally favorable for the rated use, or in other words, 
limitations are minor and easily overcome. Moderate 
means that some soil properties are unfavorable but can 
be overcome or modifted by special planning and design. 
Severe means soil properties so unfavorable and so difficilt 
to corroct or overcome as to require major soil reclamation. 
and special designs. 

Soil suitability is rated by the terms good, fair, and 
poor, which have meanings approximately parallel to the 
terms slight, moderate, and severe, respectively. 

Following are explanations of the columns in table 8. 

Septic tank absorption fields are subsurface systems 
of tile or perforated pipe that distribute effluent from a 
septic tank into natural soil. The soil material from a 
depth of 18 inches to 6 feet is evaluated. Soil properties 
considered are those that affect both absorption of 
effluent and construction and operation of the system. 
Properties that affect absorption are permenbility, 
salinity and alkalinity, depth to water table rock, 
and susceptibility to flooding. Slow permeability is a 
severe limitation. Slope affects the difficulty of layout 
and construction and also the risks of erosion, latcral 
seepage, and downslope flow of eflluent. Large rocks or 
boulders increase construction. costs, 

Sewage lagoons are shallow ponds constructed to hold 
sewage within a depth of 2 to 5 feet long enough for 
bacteria to decompose the solids. A lagoon has a nearly 
level floor, and sides, or embankments, of compacted 
soil material. The assumption is made that the embank- 
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ment is compacted to medium density and the pond is 
protected from flooding. Flooding carries away sewnge 
before bacterial decomposition has taken place and can 
cause pollution of streams, which may be a serious 
concern. Properties considered are those that affect the 
pond floor and the embankment. Those that affect. the 
pond floor are permeability, organic-matter content, and 
slope. If the floor needs to be leveled, the depth to bedrock 
ccomes important, Soil properties that affect the em- 
bankmeut are the engineering properties of the embank- 
ment material, ss interpreted from the Unified Soil 
Classification, and the amount of stones, if any, that 
influence the ease of excavation and compaction of the 
embankment material. When properly constructed, the 
agoon must be capable of holding water with minimum 
seepage. 

Shallow excavations are those that require digging or 
trenching to a depth of less than 6 feet, us for example, 
excavations for pipelines, sewerlines, phone and power 
transmission lines, basements, open ditches, and cem- 
eteries. Desirable soil properties are good workability, 
moderate rosistance to sloughing, gentle slopes, absence 
of rock outerops or big stones, and freedom from flooding 
or a high water table. 

Dwellings are not more than. three stories high and 
are supported by foundation footings placed in un- 
disturbed soil. All ratings are based on undisturbed 
soil to a depth of G feet. ‘The features that affect the 
rating of a soil for dwellings are those that relate to 
capacity to support loads and resist settlement under 
load, and those that relate to ease of excavation. Soil 
properties that affect capacity to support load are wetness, 
susceptibility to floodimg, density, plasticity, texture, 
and shrink-swall potential. Those that affect excavation 
are wetness, slope, depth to bedrock, and content of 
stones nnd rocks. Onsite investigation is needed for the 
specific placement of buildings and utility lines and Zor 
detailed design of foundations. 

Sanitary landfill is a method of disposing of refuse in 
dug trenches. Waste is spread in thin layers, compacted, 
and covered with soil throughout the disposal period. 
Landfill arens are subject to heavy vehicular traffic. 
Some soil propertics that affect suitability for landfill 
are ease of excavation, hazard of polluting ground water, 
and trafficability. The better soils for land have mod- 
erately slow permeability, withstand heavy traffic, and 
are friable and easy to excavate. Unless otherwise stated, 
the ratings in table 8 apply only to a depth of about 6 
feet, and therefore limitation ratings of slight or moderate 
may not be valid if trenches are to be much deeper. For 
some soils, reliable predictions can be made to a depth 
of 10 or 15 fect, but regardless of that, every site should 
be investigated before it is selected. 

Local roads anc streets, as rated in table 8, have an 
all-weather surface expected to carry automobile traffic 
all year. They have a subgrade of underlying soil mate- 
rial; a base consisting of gravel, crushed rock, or soil mate- 
rial stabilized with lime or cement; and a flexible or 
rigid surface, commonly asphalt or concrete. These roads 
are graded to shed water and have ordinary provisions 
for drainage. They are builé mainly from soil at hand, 
and most. cuts and fills are less than 6 feet deep. 

The soil properties that most affect design and con- 
struction of roads and streets are load-supporting capacity 
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and stability of the subgrade, and the workability and 
quantity of eut and fill material available. The AASHO 
and Unified classifications of the soil material, and also 
the shrink-swell potential, indicate traffic-supporting ca- 
pacity. Wetness and flooding affect stability of the mate- 
rial. Slope, depth to hard rock, content of stones and 
rocks, and wetness affect. the case of excavation and the 
amount of cut and fill needed to reach an even grade. 

Road fill is soil material used in embankments for 
ronds. The suitability ratings reflect the predicted per- 
formance of soil after it has been placed m an embank- 
ment that has been properly compacted and provided with 
adequate drainage, and the relative ease of excavating 
the material at borrow areas. 

Sand and gravel are used in great quantities in many 
kinds of construction. The ratings in_ table 8 provide 
guidance xbout where to Jook for probuble sources. A 
soil tated 23 a good or fair source of sand or gravel generally 
has a Jayer at least 3 fect thick, the top of which is above a 
depth of 6 feet. The ratings do not take into account 
thickness of overburden, location of the water table, or 
other factors that affect mining of the materials; neither 
do they indicate quality of the deposit. Soils that are 
shown as suitable should be explored intensively to find 
material that meets gradation requirements for specific 
uso. 

Topsoil is used for topdressing an, aren where vegeta~ 
tion is to be established and maintained. If good, it has 
physical, chemical, and biological characteristics favorable 
for growth of vegetation. Suitability is affected mainly by 
ease of working and spronding the soil material, as in 
preparing a secdbed; natural fertility of the material, or 
the response of plants when fertilizer is applied; and ab- 
sence of substances toxic to plants. Texture of the soil 
material and content of stone fragments are characteristics 
that also affect suitability, Damage that will result at 
the area from which topsoil is taken is considered in the 
ratings. If all other character are favorable, the soil 
js still a poor source of topsoil if the thickness is less than 
6 inches, bub a good source if up to 12 inches in depth. 

Pond. reservoir areas hold water behind a dam or em- 
bankment. Soils suited to pond reservoir ureas have low 
seepage, which is related to permeability and depth to 
fractured or permeable bedrock or other permeable 
material. The ratings are for undisturbed soils. 

Embankmnents, dikes, and levees require soil material 
resistant to seepage and piping and of favorable stability, 
shrink-swell potential, shear strength, and compactibility. 
Presence of stones or organic material in a soil are among 
factors that are unfavorable. The ratings are for un- 
disturbed soils. 
Drainage of cropland and pasture is affected by such 
oil properties as permeability, texture, and structure; 
epth to claypan, rock, or other layers that influence rate 
of water movement; depth to the water table; slope; sta- 
bility in ditchbanks; susceptibility to stream overflow; 
salinity or alkalinity; and availability of outlets lor drain- 
age. Soils that have poor drainage and @ seasonal or perm- 
anent high water table are severely limited for crop pro- 
duction. Soil that is saturated. with water excludes air 
from plant roots and permits the growth only of water- 
tolerant plants. The soil features considered are those that 
affect both surface and subsurface drainage systems. 
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Tivigation of a soil is affected by such features as slope; 
susceptibility to stream overflow, water crosion, or soil 
blowing; soil texture; content of stones; accumulation of 
salts and alkali; depth of root zone; rate of water intake 
at the surface; permenhility of soil layers below the sur- 
face layer and of Iragipans or other layers that restrict 
movement of water; nmount of water held available to 
plants; and need for drainage, or depth to water table or 
edrock. If permenbility is slow, water must be applied 
very slowly to allow if to sont inte fhe soil anc to avoid 
runoff. Tf the available water capacity is low, water must 
be applied frequently for a rapid rate of plant growth. 

‘Terraces and diversions are embankments, or ridges, 

constructed across the slope to intercept runoff so that 
it soaks into tho soil or flows slowly Lo a prepared outlet. 
Features that affect suitability of a soil for terraces are 
uniformity and. steepness of slope; depth to bedrock or 
other unfavorable material; presence of stones; permea- 
bility; and resistance to water erosion, soil slipping, and 
soil blowing. A soil suitable for these structures provides 
outlets for runoft and is not difficult to vegetate. 
Grassed waterways ave natural or constructed water- 
ways, covered by grass and used for protection against 
erosion. Features considered are qualities of soils that af- 
fect the cstablishment, growth, and maintenance of plant 
cover. Also considered. are factors that hinder the con- 
struction ane. layout of the waterways. 


Formation and Classification 
of the Soils 


This section discusses the factors of soil formation and 
the system of soil classification currently used. Table 9 
gives tho classification of soils by higher categories. 


Factors of Soil Formation 


Soil is produced by processes that act on materials 
deposited or accumulated by geologic agencies. The 
characteristics of the soil at any given point are de- 
termined by the physical and mineralogical composition 
of the parent material; the climate under which the soil 
material has acenmulated and existed since accumulation ; 
the plant and animal life on and in the soil; the relief, 
or lay of the land; and the length of time the forces of 
soil formation have acted on the soil material. 

Climate and plant and animal life, chiefly plants, are 
active factors of soil formation. They act on parent 
material accumulated through weathermg of rocks, and 
they slowly changeit to a natural body that has genetically 
related horizons. The effects of climate and plant and 
aninial life are conditioned. by relief. The parent material 
also affects the soil profile that is formed and, in extreme 
cases, determines it almost entirely. Finally, some time 
is necded for changing parent material into a soil profile. 
It may be much or little, but some time is always required 
for differentiation of soil horizons, Usually, a long time 
is required for development of distinct horizons. 

The factors of soil formation are so closely interrelated 
in their effects on the soil that few goneralizations can 
be made regarding the effeet of any one factor unless 
conditions are specified for the other four. Many processes 
of soil formation are unknown. 
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Parent material 


The texture of the parent material is generally the 
most important physical property, and it determines 
the texture of the soil. The texture is one of the most 
important factors in the use nnd management of the 
soil. In some instances other properties of parent material 
also have an important effect on soil formation. For 
example, some soils that have an alkali claypan formed 
in parent material that has a high sodium content. 
Among these are soils of the Rhondes, Daglum, Belfield, 
Noonan, and Feil scrics. 

About half the soils of Oliver County formed in materials 
of glacial origin. Among these materials ave caleareous 
loam or clay Ioam glacial till; glucinl melt-water deposits 
of varying texture; wind-laid silt and sand of glacial 
origin; and postglacial alluvium. These materials are 
thickest in the northeastern part of the county and 
thinner and more patchy toward the southwestern part. 
Much. of the glacial till is overlain by «a thin mantle of 
wind-laid silt and sand. In some areas only the stones 
and boulders on the surface are glincial. 

Tn the southwestern, southeastern, and west-central 
parts of the county, the soils formed mainly in material 
weathered from soft sandstone, siltstone, and clayey 
shale, but there are thin patches of soils of glacial origin 
within these areas, Recont alluvium, varying in texture 
from clay to sand, covers the bottom Tands along the 
Missouri River and other streams. 

The Tongue River Member of the Fort Union Forma- 
tion is the oldest geologic formation in which the parent 
material of soil in Oliver County wenthered. Tt cups Red 
Butte, which is in the northwestern part of the county 
It is 30 to 385 percent bedded sandstone and 69 to 65 pe 
cent bedded silty to elayey shale. The sand is made up 
mostly of quartz, which is resistant to weathering, but 
it has some calcite and feldspar. Some beds are weakly 
cemented with calcium carbonate or iron oxide. The sanc- 
stone is fine grained to medium grained. ‘The parent mate- 
rial of soils of the Cohagen and Vebar series weathered from 
this sandstone, and that of soils of the Parshall, Tally, 
Flaxton, Livona, and Arnegard series was secondary de- 
posits of this material. The parent material of soils of the 
Amor, Sen, Morton, Regent, Werner, Cabba, Lawther, 
Belfield, Daglum, and Rhoades series weathered in place 
from the silly to clayey shale, and that of soils of the 
Belfield, Daglum, Rhoades, Heil, Dimmick, Tonka, Grail, 
and Arnegard series was secondary deposits of this 
material, 

The Tongue River Member is also a rich source of 

lignite, and Oliver County has large reserves of this 
fuel. An angular, gray, dense, silicified stone is peculiar 
to this formation, and. there are cylindrical holes com- 
pletely through some stones. 
In a few areas the soils formed in porcelanite or scoria, 
‘The scoria was formed by burning of lignite veins that 
baked the surrounding material, whieh was both residual 
and glacial. The peanieing red clinker material is highly 
resistant to weathering and is a source of fair road-surtac- 
ing material. The only soils in Oliver County that formed 
in scorin beds ave of the Ringling sories. 

In the southwestern corner of the county the residunm of 
the Golden Valley Formation is exposed in a few areas. 
This formation is at higher elevations and is younger than 
the Fort Union Formation, but most of it has eroded 
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Series : Family Subgroup Order 
Amor_-_. Finc-loamy, mixed Typic Haploborolls- Mollisols. 
Armegard. Fine-lowm, Pachie Haploboroll: Mollisols, 
Banks_.. Sandy, 1 Typie Usuifluven 
Belfield Fine, nontinorillonitic Glossie Natriborolls Mollisols. 

Loamy, nixed, caleareous, , shallow. Typie Ustorthent dentisols. 
4, calcareous, frigid, shallow. Typic Ustorthont Entisols. 


Fino-silty, frigid 
Ping, montmorilloniti 


Mollisols. 


Diinimiek | Fine, montmorillonitic, frigid Verlic Haply 

TFariand __ Finc-silty, mixed .. Typic Argiborolls. 

Flaxton + Fine-loamy, mix Pachic Argiboroll fe 
Grail... Fine, montmorillonitic Pachie Argiborolls— Mollisols, 
dras3na_ Fine-silty, mis Mollisols. 


Hasrrich.— 
ifavrelon 


Teil Fine, montmorillonitic, frigid... -- Typic Nalraquol 
Jhallie '_. Fine, montmorillonitic, caleareous, frigi Typic Fluvaquents 
Liuwther ! Vertic Hapleborolls__ 
Lefor 1 Typie Argiborolis. 


Fine, mixed, frigid. 
Fine-loamy, mixed, calcareous, frigid 


Typie 


Ty pie Haploborall 
Pachic Haploborolls. 


cl 


Lintan- : Typie Haploborolls_- 

Livona__ Finc-loamy Typie Argiboralis 4 2 

‘Lahter Fine, montmorillonitic, calcareous, frigid_. pic Ustifluvents_- 

Mandan_ Coa ilty, mixed_ chie Haploborolls 

Manning- Coarse-loamy, mixed. pic Haploborolls_ 

Morton. Fine-silty, mixed aoe pie Argiborol is 
Mollisols. 


Noonan Fine-loamy, mixes Lypice Natriborol 
Parnell_ Fine, montmorillonitie, frigid Lypic Arginquell Mollisols, 
Parshall toarse-laamy, mixed Pachic Haploboro “"] Molli 
Regan_- Fine-silty, frigid — Typic Calcinquolls Mollisols. 
Regent_ Fine, montmorillonitie Typic Argiborolls. Mollisols, 
Rhaades . Fine, montmorilionitie Leptie Nitriborells_ Mollisals, 
Ringling- Loamy siceletal, mixed Lithie Taploborolls Moilisots. 
Savage. Ting, montmorillonitic. ‘Lypie Argiborolls Mollisols. 
Sen_- Fine-silty, mixed _ Typie Haploheralls_ Moll 
Stady Fin Lypic Haploboroils_ Molli 
Straw Cumulie Haploborolls— Molli 
Tally 0 Typie Haploborolls_ Molli 
Telfer Sand: ‘ Entice Haploborolls Moallisols. 
Cemvils Fine-silty, mis Typic Haploborolls. Molligols. 
Tonka * Fine, montmorillonitic, frigid. Argiaquic Argiabol Mollisals. 
Tremble: Coarse-loamy, mixed, ealcarcous, ‘Lypie Ustiftuvenis. Tan tisols. 
Voebur 1. Coarse-loamy, mixed. Typie Haploborolls_ Molli: 
Coarse-loainy, mixed Fhiventic Haploborolls- Moll: 


Sandy-skeletal, mixed_. 
Loamy, mixed, shullow_ 
Tinc-loamy, mis 
Fine-loamy, mixes 


Entic Haploborells 
(Entice Haplaboroll 
Typie Argibarolls 
Entic Haploboralls 


Mollisals. 


1 The soils in this county that are taxadjuncts to the series for which they are named, and the ways they differ from the defined range 


for the series, fallow: 


Dimmick eoils have a mollie epipedon that is more than 24 inches thick. 


Flaxton soil FeB has a solum that contains less than 18 percent clay. 

Lalli soils have a dark-colored surface horizon that is 6 inches or more thick snd that has a moist color value of 3 or more. 
Tawther soils have a mollic epipeden that has a color chroma of loss than 1.5 in the upper 7 inches. 

Lefor s have a dark-colored surface horizon that is not thick enargh for a mollic opipedon, 

‘Tonka soils la¢k an albie horizon, 

Vebar soils VIB and VIC have a solum that contains more clay. 


These differcnees do not alter the usefulness and behavior of these soils, 


the logs and stones of silicified coniferous trees, and some 
of the pressure-flattened logs are more than 15 leet across. 

At one time Oliver County was covered with glacial 
drift, except in a few places at high elevations, but much 
of the soi! material has been. eroded away [vom thd thin- 
nest deposils. Most of this duift was deposited during the 
Mankato substage of the Wisconsin glacial age, but some. 
appears to have been deposited during the olde: Lowan or 
‘Tazewell substages. 


away. Soils of the Lefor and Vebur series are the main 
soils that formed in it. The soils that formed in secondary 
depositions of this material are mainly of the Parshall and 
‘Tally series. 

Also in the southwestern part of the county are areas 
where there are numerous silicified and glacial stones on. 
the surface. A stony phase of Morton and Sen soils, which 
are a prime source of riprap, formed in the materials of 
these deposits, Also there sre lignite beds that contain 
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In the western part of the county, some of the till 
appears to be from the Iowan and ‘Tazewell substages and 
is somewhat more firm and plastic than till in other areas, 
Most of it was deposited as ground moraine, but in a few 
places, it was cleposited as indistinct and discontinuous, 
terminal and reccssional moraines. Soils that formed in 
this glacial till are of the Wiliams and Zahl series. Soils 
that formed in secondary depositions of this till are of the 
Arnegard and Grail series. 

Within areas of this glacial till, the soils that formed in 
the alluvium of creek valleys are mainly of the Farland, 
Straw, Velva, Parshall, Colvin, Regan, Harriet, Belfield, 
Daglum, and Arnegard series. The Straw and Velva. soils 
are subject to some flooding and deposition of soil material. 

Near the northern county line, postglacial deposits 
of windblown materials that cover the till are thickest and 
most extensive. The flood plain slong the Missouri River 
was the main source of windblown silt. The soils that 
formed in this loess, or silt, are of the Manclan, ‘femvik, 
and Linton series, Soils of the Grassna series formed im 
secondary deposits of this material in swales. The flood 
plain along the Knife River was the main source of 
windblown loam and fine sandy loam, The soils that 
formed in. these materials are of the Flaxton, Parshall, 
Livona, Lihen, and Tally series. 

In ureas other than near the northern county line and 
scattered throughout the county arc smaller areas of 
soils that formed in wind-laid materials, which cover 
the glacial Wil, and that are adjacent to glacial trenches 
or areas of residual sandstone. In the areas where the 
till is covered with only a thin layer of loess, soils of the 
Tonka and Parnell series are in the potholes. In areas 
where the glacial material is outwash, soils of the Lehr 
and Stady series formed. 

The Missouri River terrace is covered with loess that, 
in nearly all areas, is underlain by gravel at varying 
depths. In most places there are intervening, stratified, 
medium-textured to moderately fine textured deposits. 
On these terraces are soils of the Temvik, Stady, Lehr, 
Wabek, Grassna, Linton, and Mandan series. Mandan 
soils are dominant, and some have a gravelly substratum, 

On bottom lands along the Missouri River are young 
immature soils that were subject to annual flooding and 
soil deposition. The flooding and deposition were virtually 
eliminated in 1952 by the convpletion of Garrison Dam, 
On these bottom lands, soils of the Lallie, Lohler, 
Havrelon, Trembles, and Banks serics formed. River- 
wash and Alluvial land are adjacent to the river channel 
(fig. 14). 


Climate 


The physical and chemical processes of weathering in 
the parent material, as well as biologic activity, are 
influenced by climate. Processes of soil formation are 
most active if soil material is warm and moist. Processes 
are slow if it is too cold, too wet, or too dry. 

Oliver County has cold winters and warm summers. 
Annual precipitation averages a little more than 171 
inches, about three-fourths of which falls in the growing 
seasorl. 

Rainfall and temperature directly affect the soils of 
Oliver County through weathering of parent material, 
leaching and redistribution of carbonates and clay 
particles in the soil profile, and accumulation of organic 
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matter, Climate affects the kinds of plant and animal 
life that help develop soils. 

Chemical processes of weathering are slower in Oliver: 
Jounty than in warmer aud more humid climates, Frozen 
ground prevents soil leaching during the winter. In 
summer, rainfall peaks when evaporation and transpira- 
tion are approaching their maximum. Rapid evaporation 
and maximum plant growth in this period tend to decrease 
soil leaching. On uplands soils that heve gentle slopes. 
are generally leached of carbonates to a depth of 12 to. 
24 inches. 


Plant and animal life 


Plants havo been the principal influence on the forma~ 
tion of soils in this county. Earthworms, bacteria, and 
other forms of life are of secondary importance. All plants: 
and animals ace organic matter to the soil material when 
they die. 

Native vegetation is mostly mid and short native 
grasses. A dark-colored surface layer forms as the tops. 
and roots of grass decay. Roots also bring up plant nu- 
trients to be added to the soil surface through decay. 
In swales, the soils have a thicker, darker surface layer 
and plant growth is more luxuriant. Some tall grasses, 
such as big bluestem, grow in the swales. On drier ridge- 
tops are mainly blue grama, plains muhly, little bluestem, 
and threadleaf sedge and on gently sloping uplands, green 
needlegrass, western wheatgrass, needle-and-thread, prai- 
rie sandreed, and little blaestem. On. poorly drained sites. 
are prairie cordgrass, rivergrass, reed canarygrass, switch 
grass, and cattails. 

Bacteria snd other small organisms break down the 
dead tissues of plants and animal into humus. Some bac-- 
teria associated with legumes remove nitrogen from the- 
air and convert it to a form used by plants. Small rodents, 
earthworms, and some insccts also affect soil formation. 


Relief 


Relief, or the lny of the land, influences soil formation 
chiefly by controlling the movement of water, ‘The effect 
of relief, however, is modified by the other four factors of 
soil formation, especially climate and vegetation. 

In basins where water ponds, the soils have a diflerent 
arrangement. of soil horizons and are mottled. Soils that. 
have a high water table and are not subject to ponding 
have a high content of lime. In moderately sloping soils. 
that do not have a high water, lime is leached downward. 
On steep side slopes and on hilltops, the soils are thin, 
are low in organic-natter content, and have lime close 
to the surface. These soils are excessively drained, and 
plant growth is sparse. 

Time 

Soil horizons lorm slowly. As water moves downward: 
through the soil profile, it takes soluble materials and tiny 
solid particles with it in the process of leaching. Chemicals. 
in the water react with minerals to weather and. alter the 
parent material. Extremes in temperature cause expansion 
and contraction that help to break down resistant min- 
erals. Over a long period of time these processes help- 
form distinct horizons, or layers within the soil profile. 
As fine particles are leached from the surface layer and 
deposited in the subsoil, the grouping of soil aggregates. 
take place. The structure of the soil develops in this way. 
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Figure 14.—Relationship of soils on the bottom lands along the Missouri River to parent materials and topography. 


Soils on bottom lands are young becanse fresh material 
is periodically added and not enough time elapses for the 
formation of soil structure or of ‘distinct horizons. The 
gently sloping soils of the uplands are older than those of 
the bottom lands. The older soils have well-defined hori- 
zons and distinet blocky or prismatic structure im the 
subsoil. 


Classification of the Soils 


Classification consists of an orderly grouping of soils 
according to a system designed to make it easier to remem- 
ber soil characteristics and interrelationships. Classifica- 
tion is useful for organizing and applying the results of 
experience and research. Soils are placed in narrow classes 
for discussion in detailed soil surveys and for applicat'on 
of knowledge within farms and fields. The many thousands 
of narrow classes are then grouped into progressive y 
fewer and broader classes in successively higher cate- 
gories, so that information can be applied to large geo- 
graphic areas. 

‘Two systems of classifying soils have been used in the 
United States in recent years. The older system was 
adopted in 1938 (2) and revised later (4). The system 
currently used by the National Cooperative Soil Survey 
was developed in the early sixties (8) and was adopted in 
1965 (6). It is under continual study. 

The current system of classification has six categories. 
Beginning with the most inclusive, these categorics are 
the order, the suborder, the great group, the subgroup, 
the family, and the series. The criteria for classification 
are soil properties that are observable or measurable, but 
the properties are sclected so that soils of similar genesis 
are grouped together. The placement of some soil series in 


the current system of classification, particularly in families. 
may change as more precise information becomes available. 

Order—Ten, soil orders are recognized. They are 
Entisols, Vertisols, Inceptisols, Aridisols, Mollisols, Spo- 
dosols, Alfisols, Ultisols, Oxisols, and Wistosals. The 
properties used to differentiate these soil orders are those 
that tend to give broad climatic groupings of soils. The 
two exceptions to this are Entisols and Histosols, which 
exist in many different kinds of climate. Table 9 shows 
that the two soil orders in Oliver County are Entisols and 
Mollisols. 

Entisols are light-colored. soils that do not have natural 
genetic horizons or that have only very weekly expressed 
beginnings of such horizons. These soils do not have 
iraits that reflect soil mixing caused by shrink'ing and 
swelling, 

Mollisols formed under grass and have a 
colored surface horizon containing colloids d 
bivalent cations. The material in these soils 
mixed by shrinking and swelling. 

Suborder—Hach order has been subdiv ded into 
suborders, primarily on the basis of the characteristics 
that seemed to produce classes. that have the greatest 
genetic similarity. The suborders narrow the broad 
climatic range permitted in the orders. The soil prop- 
erties used to separate suborders are mainly those that 
reflect cither the presence or absence of waterlogging, 
or soil differences resulting from climate or vegetation. 

Great groups.—Suborders are separated into great 
groups on the basis of uniformity in the kinds and sequence 
of major soil horizons and features. The horizons used to 
make separations are those in which clay, iron, or humus 
have accumulated or those that contam a pan that inter- 
feres with the growth of roots or movement of water. 


thiek, dark- 
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The fentures used are the self-mu'ching properties of 
clays, soil temperature, major differences in. chemical 
composition (mainly calcium, magnesium, sodium, and 
potassium), and the like. Phe great group is not shown sep- 
arately in table 9, because it is the last word in the name 
of the subgroup. 

Subgroup. — Great groups are subdivided into subgroups, 
one representing the central (typie) segment of the group, 
and others, called intergrades, that have properties of 
the group and also one or more properties of another great 
group, suborder, or order, Subgroups may also be made in 
those instances where soil properties intergrade outside of 
the range of my other great group, suborder, or order. 
The names of subgroups are derived by placing one or 
more adjectives before the great group. 

Family —Families are separated within a subgroup 
primmrily on the basis of properties important to the 
growth of plants or behavior of soils when used for en- 
gineering. Among the properties considered are texture, 
minevalogy, reaction, soil temperature, perme: ty, 
thickness of horizons, and consistence. 


General Nature of the County 


Oliver County played a prominent part in the early 
history of the upper Missouri River territory. The Mandan, 
Indians and associated tribes cultivated maize, beans, 
squash, wild tobacco, and sunflowers in small plots on. the 
Missouri River bottom lands and terraces. They sold. or 
truded muize for seed to the Winnebago tribe in. Wiscon- 
sin, the Yukima tribe in Washington, and other tribes. 
Corn was cultivated with bone or wooden tools, harvested 
and dried, and stored in hidden jug-shaped cache pits 
beneath lodge floors or outside of lodges. During buffalo 


hunis the women made pemican, by mixing ground corn, 
buffalo meat, and sometimes wild berries. Twenty-six 


of th village sites, which date back more than_ two 
centuries, have been discovered along the Missouri River 
in Oliver County. Around 1850 the Indians moved to 
reservations, thus opening up the county to settlement. 

The carly ranchers used the lands in. public domain and 
railroad lunds for free grazing. From 1863 to 1891 a set- 
Wer could prove up on one to three quarters of lund, but 
after 1891, when only the Homestead Law remained, 
gains were one quarter of land. At present nearly all land 
is privately owned; all railroad. Jand and most school 
Jands have been sold. In 1964 about 40 percent of farm 
income wus from crops and 60 percent from livestock and 
livestock products. There were 430 farms, and the average 
size was about 1,000 acres. 

The present: county was formed from part of Mercer 
County mm 1885, when it had a population of 327 and 102 
farms. The county seat was Raymond in 1885 but was 
moved to Center in 1903. Raymond was near the present: 
town of Sanger. Ten towns were established, but only 
Center, which has a population of about 619, survives 
commercially, The peak of settlement in the county _oc- 
curred between 1900 and 1914. The population peaked 
about 1920 at 4,500 people in the county and neatly 800 
farms, but it has declined steadily and was 2,287 in 1970. 

The native vegetation is mainly mid and short grasses, 
sedges, and forbs. Some tall grasses grow in swales and on. 
flood plains. The few basins and potholes have slough 
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grasses, wetland sedges, and rushes. Broadleaf trees and 
shrubs are on sites that have x low evaporation and 


transpiration rate, a high soil moisture supply, or both. 
The only evergreens are shrubby junip Trecs and 


shrubs make up a small part of the vegetation. 

Before 1911, grain was shipped by river bont or hauled 
overland to the main line of the railroad, bub after 1911, 
it was shipped entirely by railroad. At present, a railroad 
that parallels the Missouri River furnishes transportation. 
Two hard-surfaced state highways cross the county from 
north to south and from east to west. Several good gravel 
farm to-market roads also cross the county. 

Lignite from strip mines supplies fuel for power genera- 
tion. A watershed project thit has been started on Square 
Butte Creek. 

The park area at Center is the only developed public 
outdoor recreation site in Oliver Coun Many sites, 

uch as Fort Clark, Molunder Indian Village, and other 
Indian archneological sites offer potential for devclop- 
mené, preservation, and interpretation, as they are water- 
based or fied in with historic or scenic sites. 


Physiography, Relief, and Drainage 


Oliver County is on the western border of the area in 
North Dakota where soils formed, in glacial deposits, and 
on the enstern border of the aren where soils formed in 
residuum weathered from bedrock. The northern snd 
eastern parts are glacial areas that consist mainly of 
undulating to rolling plains that slope gently to the 
northeas¢, Within this till plain are discontinuous, hilly 
moraines that have short, irregular slopes of as much as 
20 percent, The isolated, residual Red Butte projects 
above the plain in this area. 

The southeastern purt of the county and areas along 
the main streams have mainly long, very steep slopes 
thab range mainly from 15 to 40 percent. Undulating 
and rolling glacial plains ocenpy the tablelunds between 
drainageways. The Square Buttes are prominent land- 
marks in this area. 

The southern and western paris of the county are 
mainly gently sloping and sloping residuul plains. Within 
this area are some patches of undulating glacinl topog- 
raphy and. a few residual buttes that project above the 
plain. One prominent butte is the unnamed one at the 
headwaters of Otter Creek. 

Elevation ranges from 2,420 feeb above sea level in 
the southwestern part of the county to 1,646 feet an the 
Missouri River bottom lands near the southern county 
line. The difference in maximum and minimum. elevation 
ranges from'about 550 feet on the Missouri River breaks 
to less than 10 feet on glacial ground moraine, leess- 
mantled ground morning, terraces, ard bottom lands. 

Drainage is well defined except in somo places on the 
fall plain. Most: of the till plain has better surface drainage 
than is typical for glacial topography. Most potholes are 
shallow and, within a short distance, are connected to 
drainagewnys that have erodible gradients. Most major 
drainagewnays occupy trenches formed in glacial times, 
when ice blocked the natural drainage to the northeast 
and caused the water to flow southeast through topograph- 
ieal sags. Present-day drainage splits within the trenches, 
and runs in opposite directions. ‘Che Missouri River is 
the main strenm and all other drainagewnys are tributary 
to it, Wator drainage te the northwest flows into the 
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Knife River in Mercer County, but draining water to 
the southeast flows divectly into the Missouri River 
or into the Henrt: River in Morton County. Northwest- 
flowing streams in Oliver County are Kinneman, Brady, 
and Otter Creeks, and oue branch of Cayote Creek. 
Square Butte Creek and branches of Sweet Briar and 
Hailstone Creeks ocoupy the same glacial trenches but 
flow southeast, A northeast flowing branch of Alderin 
> connects with the Kinneman-Square Butle trench. 
Flowing east but not in glacial trenches are Sherk Creck 
and an unnamed creck at Fort Clark. A  northenst- 
southenst trench connects branches of Squave Butte and 
Sweet Briar Crecks; in glacial times the flow was south- 
west. All but the headwaters of major streams are deeply 
entrenched; the deepest are the trenches of the Missouri 
River and the lower reaches of Square Butte Creek. 
The Missouri River gracient drops 0.7 feet per mile and 
most crecks drop 6 to 12 feet per mile. 


Climate 7 


Oliver County has a continental climate. The summers 
are pleasantly warm. The winters are long and cold, but 
ly have several mildl periods when temperatures 
ove the freezing mark. About 80 percent of the 
precipitation falls curing the warm season, April through 
October. 

Frontal passages occur frequently throughout the 
year and can, cause Lemperature changes of 40° or 50° 
within 24 hours. Several large and rapid fluctuations in 
temperature can oecur in a period of a week or two. The 


TRav Jensen, State climatologist for North Dakota, National 
Weather Service, U.S. Department of Commerce, Fargo. 
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normil daily range in. temperature is about 23° F. in 
midwinter and 31° during the Jater part of the summer. 
In the 32-year period for which records are available ab 
Center, maximum temperatures have been as high as 
110° F. and minimam temperatures as law ng 42° ‘below 
zero, a range of 152°. 

Table LO gives temperature and precipitation data. 

Those datn are based on records kept at the Weather Ser- 
vieo Station in Center. ‘Table 11 gives probability of 
receiving stated amounts of precipitation in specific 
periods, and table 12 shows probabilities of low tem- 
peratures in spring and fall. 
Tn an average 4 <immm. temperatures equal or 
exceed 90° on about 22 days, and about three-fourths of 
these days ave in July and August, The greatest likelihood 
of 5 or more consceutive days that have temperatures 
above 90° is during the Inst 2 weeks of July, but this 
generally occurs in only 16 yeav's out of LOO, Minimum 
feniperatures drop to freezing er below on about half 
of the days during the year. Temperatures of zero or below 
occur about 50 times in an avernge year. 

The average length of « freeze-free period ranges from 
about 125 days on the Missouri River bottom lands to 
about 115 days on the higher ground, but no time of the 
year can be considered absolutely free of frost or freezing 
temperatures. In the period. of record at Center, freezing 
temperatures occurred in every month, except July, and 
in July lows of 35° F. were recorded. 

Table 10 shows that the average annual precipitation 
at Center is 17.55 inches. Based on maps of normal 
precipitation for 1931 to 1960, there is little variation in 
precipitation across the county, Annual rainfall renges 
from 10.41 inches to 23.02 inches. Normally 0.01 inch or 
more of precipitation is received on about 97 days, In 


Tante 10.—Temperature and precipitation data 


[AM data from Center) 


Temperature Precipitation 
Two years in 10 will have One year in 10 
at least 4 days with *— will have '— Average 
Month Average Average 7 Days with depth of 
daily daily Average snow snow on 
maximum! } minimum! ) Maximum Minimum total More cover ? days with 
termpcrature | temperature than— snow 
equal to ar | equal to or caver ? 
higher { lower 
than— than— 
oR OR Fuches Inches Biches Number Tneles 
| 20,1 —26 , 14 6 7 
24. 22 18 24, 
36. 0 —12 gal 19 
54.8 14 j ~4l 3 
67.6 24 . 88 1 
Th. 3 | 38 1. 40 0 
Ki 83.0 | 43 2 Az 0 
Augusb__ 83.1; 40 . 29 0 
September_ 71.6 27 30 0 
Qetober.. = 60, 8 1& 208 | i 
Novernber 2 39. 8 | 8 Tr 8 
December. e 27.4 ait 42 17 
Yeoar_ | 63.8 1-233 1. 335 106 


! Based on records for the 32 
2 Based on records for the 20. 


ar period, 1938-1969. 
ur period, 1949-1969 


8 Average annual highest temperature, 
4 Average annual lowest temperature. 
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—Probability of receiving precipitation during three periods 


77-Dav Puntop 


Rainfall ! 


Dates 4 inches More than | More than | More than | More than | More than 
or less t inches 6 inches 8 inches 10 inches 12 inches 
Pet. Pet. Pet. Pet. Pot, 
™ Ba 45 15 @) @ 
March 22-Tune 6_ = 40 6G 25 (3) (3) 
March 29-June 13 - 35 65 30 10 (4) 
April 5—June a a 30 70 40 20 @) 
Apri 1 = 20 80 50 25 10 
April 19 y a 15 85 55 30 10 
April 26-Suls 15 85 GO 30 16 
May July 18 “ 15 85 6O 30 | 15 
May 10-July 2 d 16 85 60 30 15 
May 17-August 1 ms 1d 90 65 BS 15 
24-August 8_ 10 90 GS 35 | 16 
3l-August 15_ = 15 85 60 30 16 
Ju f a 1d 85 55 2h WwW 
June ae August 29" 3 20 80 45 20 (2) 
91-Day Penton 
March 18-June 13 7 20 80 40 16 @) @) 
March 22-June 20 ‘ 20 80 50 20 @) @) 
March 29-June 27. = 15 85 60 30 10 (@) 
April 5—July 4 Bs lo 90 65 BS 15 @) 
April 12-July 1. s ld) 90 70 40 20 @) 
April 19-July 18 2 i 95 70 45 20 (3) 
y 25. = 5 95. 70 45 25 10 
May 3-August 1. _ I 5 95 7 AS 25 10 
May 10-August 8. a 10 nO 70 4g 20 (2) 
May 17-August 15 “ 5 95 76 46 25 @) 
May 24-August 22 5 95 | 80 50 25 () 
M August 29 10 90 70 40 20 (2) 
June 7-September 5 16 90 65 35 15 @) 
June 14-Septenibor 12 to 90 60 25 @) @) 
119-Day Prriop 
2 i 99 90 | 40 25 
3-August 29_ 2 98 90 40 20 
y 10-September 2 98 85 | 35 20 
May 17-September 12 2 98 90 40 20 
May 24-Sepiember 19. 2 98 90 40 20 
May 31-September 26_. 5 95 85 35 15 


1 Data for more than 14 inches was not included because ili is not 


2 Less than 10 percent. 


at least 1 year in 5, the following intensities of rainfal 
can be expected; 1.1 inches in 30 minutes, 1.5 inches in 
1 hour, 1.8 inches in 3 hours, 1.9 inches in 6 hours, 2.3 
inches in 12 hours, and 2.7 inches in 24 hours. Thunder- 
storms occur on about 37 days in on average year. 


Hail can be expected on about 40 days i the nerth- 
eastern half of the commty and up to 50 days in the 
extreme southwestern corner of the county. June and 
July are the prime months for hail activity. In 1 year 
out of 20, hail falls on about 10 days in June and 10 to 
15 days in July. 

Mean annual snowfall is about 35 inches and ranges 
from 13 to 73 inches a year. Average snowfall for the 
months November through March is § to 7 inches. 
Light snowfall may be expected in September in 1 year 


more thin 10 percent in any of the periods specified. 


out of 6 and in May in 1 year out of 4. Blizzards occur 
nearly every year, and several times each winter, visibility 
is restricted by blowing snow (ground blizzard}. 

Annual evaporation from Weather Bureau Class A 
pans averages about 48 inches; 84 percent of this evapora- 
tion takes place i in the period from May through October. 
The annual evaporntion from lakes averages 34 to 35 
inches. 

Oliver County receives 60 percent of the possible 
sunshine annually. July, averaging 73 percent of possible 
sunshine, is the sunniest month, and Novembor and 
December, which have about 48 percent of possible 
sunshine, are the cloudiest months. 

The provailing wind direction in Oliver County is 
west-northwesterly except in May, July, and August, 
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TaBiE 12.—Probabilities of low temperatures in spring and fall 
[All data from Center] 


Dates for given probability and temperature 


Probaloilit 
16° F 20° F. 24° FB. 28° FL 82° Fr 
or lower or lower or lower or lower er lower 
Spring: 
1 May 4 May 16 May 24 May 29 June 8 
April 29 May 11 Muy 19 May 24 June 3 
‘April 17 April 30 May 8 | May 15 May 25 
i y 


October 7 
October 12 
October 24 


1 year in 10 earlier than_ 
2 years in 10 earlier than 
¥ 


5 years in 10 earlier than 


August 34 
September 4 
September 12 


September 15 
September 20 
October 1 


September 8 
September 11 
September 21 


September 21 
s rmober 26 


when the prevailing winds ave easterly, The windiest 
month is April, during which the windspeed averages 
13.0 miles per hour. 

Soil blowing and water crosion are probably the most 
serious management concerns associated with most, soils 
in the county. Soil blow'ng generally is most severe in 
March and April. 
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Glossary 


Alkali soil. Generally, a highly alkaline soil. Specifically, an alkali 
soil has so high a degree of alkalinity (pH 8.5 or higher) or so 
high a percentage of exchangeable sodium (15 pereent or more 
of Ue total exchangeable bases), or both, that the growth of 
most crop plants is poor from this ease. 

Alluvium. Soil material, such as sand, silt, or clay, that has been 
deposited on land by streams. 


Available water capacity (also termed available moisture capacity). 
The capacity of soils to hold writer available for usc by most 
plants. [t is commonly defined as the difference between the 
amount of soil water at ficld capacity and the amount at will- 
ing point, Tt is commonly expressed as inches of water per 
inch of soil. 

Caleareous soil. A soil containing enough calcium carbonate (often 
with magnesium carbonate) to cffervesce (fiza) visibly when 
treated with cold, dilute hydrochloric ncid. 

Clay. As a soil separate, the mineral soil particles less than 0,002 
millimeter in dinmeter. As a soil textural class, soil material 
that is 40 pereent or more clay, less than 45 percent sand, and 
less tha 40 pereont silt. 

Clay film. A thin coating of clay on the surface of » soil aggregite. 
Synonym: clay coating, 

Claypan. A compact, slowly permeable soil horizon that. contains 
more elay than the horizon above and below it, A claypan is 
commonly hard when dry and plastic or stiff when wet. 

Colluvium, Soi! material, rock fragments, or both, moved by creep, 
slide, or local wagh and doposited at the base of steep slopes. 

Conerctions. Grains, pellets, or nodules of various sizes, shapes, and 
colors consisting of concentrations of compounds, or of soil 
grains cemented together, The composition of some concre- 
tions is unlike that of the surrounding soil. Caleinm earbonate 
and iron oxide are exarrples of material commonly Found in 
coneretions. 

Consistence, soil. The feel of the soil and Lhe ease with which a lurap 
can be crushed by the fingers. Torms eommonly used to de- 
scribe consistence arc— 

Loose.—Noneoherent when dry or moist; does not hold together 
in amass. 

Friable—When moist, crushes easily under gentle pressure be- 
tween thumb and forefinger und cun be pressed together 
inion lump. 

Firm.—When moist, crushes under moderale pressure between 
thumb and forefinger, but resistance is distinctly notice- 
able. 

Plastie-—When wet, readily deformed by moderate pressure but 
ean be pressed into a lump; will form a “wire” when rolled 
between thuinb and forefinger. 

Sticky. When wet, adheres to other material, and tends to 
stretch somewhat and pull apart, rather than to pull free 
from other material, 

Hard— When dry, moderately resistink to pressure; ean be 
broken with difficulty between thumb and forefing 

Soft.—When ary, breaks into powder or individual gr: 
very slight pressure. 

Cemended.—Hard and brittle; little affected by maistening. 

Drainage class (natural). Drainage that cxisted during the develop- 
ment of the soil, as opposed to altered drainage, which is 
commonly the result of artificial drainage or irrigation brit 
may be ¢nused by the sudden deepening af channels or the 
blocking of drainage outlets. Seven different classes of natural 
soil drainage are recognized. 
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Excessively drained soils are commonly very porous and rapidly 
permeable and have a low water-holding capacity, 

Somewhat excessively drained soils are also very permeable and 
are free from mottling Lhroughout tbeir proftle. 


Well-rtrained soils arc nearly frec from mottling and are commonly 
of intermediate texture. 

Moderately well drained soils commonly have a slowly permeable 
layer in or immediately beneath the solum. They have 
uniform color in the A horizon and upper part of the B 
horizon and have mottling in the lower part of the B 
horizon and in the © horizon. 

Somewhat poorly drained soils are 
but not all the time, snd some soils commonly have motel 
at a depth below 6 to 16 inches. 

Poorly drained soils are wet for long periods; they are light gray 
and generally mottled from the surface dow nward, bul 
some have few or no mottl 

Very poorly drained sotls are wet nearly all’‘the time. They have 
a dark-gray or black surface Inver and are gray or light 

y, with ar without mottling, in the deeper paris of the 

profile. 

Diversion, or diversion terrace. A ridge of ourth, generally a terrace, 
that is built to divert runoff from its natural course and, thus, 
to protect areas downslope from the effects of such runoff, 

Grassed waterway. A natural or constructed waterw: 
brand and shallow, snd covered by 
erosion; used to conduct surface water away from erophind. 

Horizon, soil. A layer of soil, approximately parallel to the surface, 
that has distinet characteristics produced by snil-forming 
pracesses. These are the major horizons: 

O horizon.—The tayer of organic matier on the surface of a 
niineral soil. This layer consists of decaying plant resictues. 

A hovizon.—The mineral horizon ab the surface or just below an 
horizon, This horizon is the one in which living arganismns 
ave most active and therefore is marked by the necumulation 
of humus, The horizon may have lost one or more of solable 
salts, elay, and sesquioxides (iron and aliininum oxides) 


B horizon.—The mineral horizon below an A horizon. The B 
horizon is in part a layer of change from the overlyin, 
to the underlying C horizon, The B horizon aise has distine- 
tive characteristics caused Q) by accumulation of clay, 
seaqnioxides, huinus, rombinatian of these; @) by 
prismatic or blocky structure; (3) by redder or 
colors than the A horiaum; or (4 :) by some combination of 
these. Combined A_and B hotizons are usually called the 
solum, or true soil, Tf a soil lacks a B horizon, the A horizon 
wone is the solum. 

C horizon. he weuthered rock material bnmediately beneath 
the solum, In most soils this material is presumed to be like 
that from which the overlying horizons were formed. If 
the material ts known to be different from that in the sohim, 
a Reman numeral precedes the letter C, 

P layer—Consolidated rock beneath the soil. The rock usually 
underlies a © horizon but may be immediately beneath an 
Aor B horizon, 

Infiliration, The downward entry of water into the immediate 
surface of soil or other material, is contrasted with percolation, 
which ig movement of water theough soil layers or muuterial, 

Internal soil drainage. The downward movement of water through 
the soil profile, The rate of movement is determined by the 
textaue, stricture, and other char s of the soil profile 
and underlying layers, and by heig the water table, either 
permanent, ar “perched. Relative terms for-e pressing internal 
drainage are none, very slow, slow, medium, rapid, and very 
rapid. 

Nutrient, plant. Any clement taken ia by a olant, essential to its 
growth, and used by it in the production of food and tissue. 
Nitrogen, pho: pharits, potassium, ealcium, magnesium, sulfur, 
iron, manganese, capper, baran, zine, and perhaps other cle- 
nents obtained from the soil and carbin, hydrogen, and. 

yeen obtained largely from the air and water, are plant 
nubrients. 

Parent material. Disinlegrated and partly weathored rack from 
which soil has formed. 

Ped. An individual natural soil aggregate, such as a crumb, a 
prism, or a block, in contrast to a clod, 


wet for significant periods 
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SOIL SURVEY 


Permeability. Vhe quality that enables the soil to transmit water 
or air, Terms used to deseribe permeability are as follows: 
very slow, slow, moderately slow, moderate, moderately rapid, 
rapid, and very rapid, 

Profile, soil. A vertical section of the soil through all its horizons and 
extending into the parent material, 

Reaction, soil. The degree of scidity or allalinity_of a soil, ex- 
pressed in pel valnes, A soil that tests to pH 7.6 is pre 
neutral in reaction beeausc it is neither acid nor alkaline. 
Tr wards, the degrees of seidity or alkalinity are expressed. 


acm 


thus: 
py 
Extremely acid Below 4.5 Mildly wkuline.__ 7.4 to 7.8 
Very strongl i Moderately alkaline 7.9 to 8.4 
Strongly acid Bil to 5.8 Strongly alkaline. 8.5 to 9.0 
Tediuin ac _-. 5.6 40 6.0 Very strongly alka 

Slightly aei 6.1 to 6.5 line . 9Land 

6.6 to 7.38 higher 


Saline soil. A soil that contains soluble salts in amounts that impair 
growth of plants but that does nob contain excess exchangenble 
sodium, 

Runoff (hydraulics). The part of the precipitation upon a drainage 
area that is discharged from the area in stremn channels. The 
water that flawa off the Jand surface without sinking in is 
called surface runoff; that which enters the ground before 
reaching surfs streuns is called ground-water runoft or 
scepage flow from ground water. 

Sand. As a soil separate, individual rock or mineral fragments. 
that range from 0.03 to 2.0 millimeters im diumeter. Most 
sand grains consist of quartz, but the sand may be of any 
mineral composition as a bextural class 1 that is 85 percent 
or more sand and not more than LO percent elay. 

Sit. As a soil separate, individual mineral particles that range in 

ain ne from the wpper limit of clay (0.002 millimeter) to 

the Lower limit of very fine sand (0.05 millimeter). As a bextaral 

s, soil that is $0 percent or more silt and less than 12 

percent, clay 

A natural, three-dimensional bedy on the earth’s surface 
that supports plants and that has properties resuliing from 
the integrated effect of climate und living matter acting on 
earthy parent material, as conditioned by relief over periods 
of time. 

Solum, The upper part of a soil protile, above the parent ie arial, 
in which the processes of soil formation are active. The sohuan 
in mature soil includes the A and ‘B horizons. Gene ‘, the 
characteristics of the material in these horizous are unlike 
those of the underlying material, he living roots and other 
plant and animal life characteristic of the soil are largely 
confined to the solum. 


Stripcropping. Cirowing crops in a 
strips, or bands, to serve as vegetative joarr 
water erosion, 

Sirueture, soil. The arrangement of primary soil particles into 
compound particles or clusters that are separated from ad- 
joining aggregates and have properties like those of an 
equal ass of imaggregated primary soil particles. ‘Che prineipal 
forms of soil structare sre—platy (laminated), prismatic 
(vorticnl axis of aggregates longer than horizontal), cademnar 
(prisms with rounded tops), blocky (angular or sub:angular), 
and grancar. Siruclureless soils are either single gratin (each 
grain by itself, as in dunce sand) or massive (the parkicles 
adhering together without any tar clevage, #3 in niuny 
elaypans and hurdpans). 

Stubble mulch. ibble or ather erop residues lefe ou the soil, or 
partly worked into the soil, to provide protection from wind 
and water erosion after harvest, diving preparation of a 
seedbed for the next crop, and during the early growing period 
of the new crop. 

Summer fallow. The tillage of uncropped land during the summer 
ta control weeds and allow storage of moisture in the soil 
for the growth of a later crop. A practice common in semiarid 
regions, where annual precipitation is not enough te produce 
a crop every year. Sunumer fallow is frequently practiced 
before planting of winter grains, 

Texture, soil. The relative proportions of sand, sill, and clay per- 
ticles in a mass of soil. The basic textural classes, in order of 


Soil. 


tematic arrangement of 
's to wind and 
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inercasing proportion of fine particles, are sund, loamy sand, 
sandy loam, loam, silt loam, silt, sandy clay loam, clay lean, 
silty elay loam, sandy clay, silty clay, and clay. The sand, loamy 
sand, and sandy loam classes may be further divided by speci- 
fying ‘‘eoarse,”’ “fine,”’ or ‘very fine.'” 

Tilth, soil. ‘Lhe condition of the soil in relation to the growth of 
plants, especially soil structure. Good tilth refers to the friable 
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state aud is associated with high noneapillary porosity and. 
stable, pranular structure, A sail in poor tilth is uonfriable, 
hard, nonaggregated, and difficult to till. 

Water table. The highest part of the soil or underlying rock mate- 
tial that is wholly saturated with water. In some places un 
upper, or perched, water table may be separated from a lower 
one by a dry zone, 


GUIDE TO MAPPING UNITS 


Tor a full description of a mapping unit, read both the description of the mapping unit and that of the soil 
series to which the mapping unit belongs. In referring to a capability unit or windbreak group, read the 
introduction to the section it is in for general information about its management. See pages 76 to 78 for 
descriptions of range sites. Other information is given in the tables as follows: 


Acreage and extent, table 1, page 10. Suitability for kinds of wildlife, table 5, page 84. 
Suitability for irrigation, table 2, page 61, Limitations for recreational use, table 6, page 86. 
Predicted yields, table 3, page 74. Engineering uses of the soils, table 7, page 90, 
Suitability for shrubs and trees, table 4, page 80, and table 8, page 98. 
YV 2/ 
Capability unit” Range site Windbreak group 
Map 
symbol Mapping unit Page Symbol Page Name Number Page 
Aa Alluvial land-«--«-----------0 reer ce nee e g Vw-Ov 70 Overflow3/ 10 82 
ArA Arnegard loam, nearly level--- il TIc-6 64 Overflow3/ 1 80 
ArB  Arnegard loam, gently sloping fl. Ile-6 63 Silty 1 80 
ArC Arnegard loam, sloping r 11 IITe-6 66 Silty L 80 
BaC Banks fine sand, relling - 12 VIe-TS 71 Thin Sands 7 81 
BoA Banks soils, gently undulating- 12 IIle-7 66 Overflow3/ 7 81 
Bev Banks-Trembles fine sandy loams, 
nearly level 12 T¥e-3 68 Overflow3/ =e; a 
Banks part -- = 7 81 
Trembles pari af id i s= 1 80 
Be Banks-Trembles fine sandy loams, 
undulating~- - 12 TVe-3 68 Overflow3/ -- -- 
Banks part a en ——o 81 
Trembles part thie wef were cer ere reece 1 80 
BdA Bel field-Daglium 
13 68 | -------------- -- -- 
-- -- Clayey 4 80 
Daglun part-- = | =s oo Claypan 9 82 
BdB  Belfield-Daglum silt loams, gently 
sloping - 13 66 | -------------- -- -- 
Belfield part -- -- Clayey 80 
Daglum part-- oie al ied Claypan 9 82 
BeA Belfield-Daglum silty clay loams, 
nearly level---- 14 ItYs-7P 6B | ween n nner ernnn Se -- 
Belfield part ee re ~- | Clayey 80 
Daglum part WoL SeeSnesres _ Claypan 9 82 
BeB  Belfield-Daglum silty clay I 
gently sloping 14 IEIe-7P 66 | -------------- foe -- 
Belfield part + Cad = Clayey 4 80 
Daglun part--- == ne Claypan 9 82 
BmA  Belfield-Morton silt loams, nearly 
14 64 | -------------- -- ae 
Belfield par a o- Clayey 4 80 
Morton part- tied me = Silty 3 80 
EmB  Kelfield-Morton silt loams, gently 
sloping 14 ITIe-6P 660 | seteneeeussecs as a 
Belfield part BS: | SSser eee == Clayey 80 
Morton part- Sef aes amas a. Silty 3 80 
BmC Belfield-Morton silt loams, sloping- 15 IVe-6P 69 | wee ene eneeneee -- -- 
Belfield part---- a oo Clayey H 80 
Morton part--- ee -- Silty 3 80 
RsA = Belfield-Straw loam 15 JIs-6P 64 | w------- nee ee -- -- 
Belfield part ef) Sees =o Clayey 86 
Straw part--- 7 Sor lI eee ee a Silty L 80 
Cai Cabba-Shale outcrop complex, 
steop- 15 Vile-Sw Fo [wee nnenenenece alas -- 
Cabba part ed wee = Shallow 10 82 
Shale outcrop part- ss nn res -- -- 
CbD Cabba-Werner complex, steep- 16 Vie-Sw 71 Shallow 10 82 


Map 
symbol 


CbE 
CgE 


Chb 


Om 


ExB 


Fxt 


Fxv 


GnA Grassna silt loam, nearly level- 


Mapping unit 


Colvin and Regan silt loams 


Dimmick silty clay---------------------- 


Farland silt loam, nearly level- 
Farland silt loam, gently sloping 
Flaxton loamy fine sand, undul 
Flaxton-Livona fine sandy loa 

nearly level 
Flaxton-Livona fine sandy loams 


Flaxton-L 
rolling 
Flaxton-Williams Joams 
Flaxton part- 
Williams part-- 
Flaxton-Williams loams, 
Flaxton part--- 
Williams part 
on-Williams soils, 
axton part--- 
Williams part 
Flaxton-Williams soils, 
Flaxton part--- 
Williams part 
Flaxton-Williams soils, hilly 
laxton part--- 
ans part- 
silt loam, nearly level-- 
silt loam, gently sloping 
Silty clay loam, nearly level 
Grail silty clay loam, gently 
sloping 
Grail silty clay loam, sloping- 


Grassna silt loam, gently sloping- 
Gravel pits--- 
Harriet comple. 
Havrelon loam- 
Havrelon silty clay loam- 
Havrelon silty eclay---- 
Havrelon-Trembles fine san 
Heil silty clay- -- 


Lallie silty clay----------------------- 
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Capability unit 


Range site 


Windbreak group 


Symbo 1 
VITe-Sw 


VIle-Sw 


Ilw-4L, if 
drained; 
Ivw-4L, if 
undrained 
TlIw-4, if 
drained; 
Ww-N1L, if 
undrained 


TIIe-3M 


IIle-3M 


lIc-6 
Tle-6 
lIg-7 


VTe-7 
IIle-?7 
Tlc-6 
Tle-6 
ViIs-1 
VIs-SL 


Ivw-d, if 
undrained 


Page 
72 
72 


71 


Name 


Shallow 


Shallow 


Shallow 
Sandy 
Wet Meadow 


Wetland 


Silty 
Silty 
Sands 
Sandy 
Sandy 


Sandy 
Silty 


Silty 

Overflow3/ 
Silty — i 
Overflow3/ 


Silty 
Silty 
Overflow 
Silty 


Overflow3/ 
Overflow3/ 
Overflow3s/ 
Overflow3/ 
Closed ~ 
Depression 
Overfiow 


Number 


10 


2, if 

drained; 
10, 
undrained 


Cone 


w 


' 
wn 


ul 


Perum Um wana oe oF 


ORPrPrPrP OLE EEE 


= 


nN 


Page 


Capability unit Range site Windbreak group 


Map — ~ = — ee 
symbol Mapping unit Page Symbol Page Name Number Page 
Lb Lallie silty clay, very wet------------- 30 Titw-4; if 67 Wetland 2, if 80 
drained; drained; 
Vwi, if 70 10, if 82 
rm undrained 
LcA  Lawther silty clay, nearly level--- 30 64 Clayey 4 80 
LeB Lawther silty clay, gently sloping- H 65 Clayey 4 80 
Lea Lefor fine sandy loam, gently 
sloping: 31 Il le-3M 65 Sandy 5 al 
LhA  Lihen loamy fine sand, nearly level- 33 TV¥e-2 68 Sands S 1 
LkA Lihen fine sandy loam, nearly level- 33 IIIe-3 65 Sands S él 
LIC Linton silt loam, sloping 34 IITe-5 66 Silty 3 80 
LnB Linton-Mandan silt loams, gently 
sloping---+ 34 Tle-5 6S Silty 3 80 
Lo Lohler silty clay 35 ITs-4 64 Overflow3/ 1 80 
Mad Mandan silt loam, nearly level 36 Tle-5 63 Silty ~ 3 80 
MaB Mandan silt loam, gently sloping 36 ITe-5 63 Silty 3 80 
MbA Mandan silt loam, gravelly é 
nearly level- 36 Tle-5 63 Silty 3 80 
MbB Mandan silt loam, gravelly substratum, 
gently sloping 36 ITe~5 63 Silty 3 80 
McB Manning fine sandy loam, gently 
sloping-- 37 Ille-3 65 Sandy 81 
Md Mine dumps- 37 VITs-1 7 -- -- 
Mod Morton silt loam, nearly leve 38 Ilc-6 64 Silty 3 80 
MoB Morton silt loam, gently slop 38 Tle-6 63 Silty 3 80 
MoC Morton silt loam, 38 ITfe-6 66 Silty 3 80 
Mol} Morton silt loam, hi 38 IVe-6 69 Silty g 80 
Mpa Morton-Daglum silt loams, nearly 
level 39: o- -- 
Morton part a ae 3 80 
Daglum part _ 9 82 
MpB  Morten-Daglum gently 
sloping - 39 +- -- 
Morton part - -- 3 80 
Daglum part. E na 9 82 


MpC Morton-Daglum silt loams, sloping - 39 


Morton part. ag SS 3 80 
Daglum part i See = 9 82 
MsC Morton and Sen stony loams, sloping- - 39 VIIs-Si, if 72 Silty 10 82 
uncleared; ] 
TiTe-6, if 66 
cleared 
NfB  Noonan-Flaxton soils, undulating- 4p Tile-S5 67 | = == = + --~--- -- -- 
Noonan part SSS Ss || CBee eSeeece ee Claypan 9 82 
Flaxton part-- Sa (te atalalalataiates -- Sandy 5 81 
Pa Parnell silt loam- qi IlIw-6, if 67 ; Wetland 2, af 80 
drained; drained; 
Ww-W1, if 70 10, if 82 
undrained ' undrained 
PbA Parshall fine sandy loam, nearly 
level 41 Tlle-3 65 Sandy 1 80 
Pod Parshall loam, nearly level 4] Ile-5 63 Sandy 1 80 
PeB Parshall loam, gently sloping- 42 Tle-5 63 Sandy 1 80 
Ptc Parshall-Tally fine sandy loams, 
i 42 68 Sandy -- -- 
Parshall part a i ee 1 30 
Tally part-- Se || eee teem ae ||  PaeeSssaHesneS 5 81 
Re Regan silt loam- 42 Vw-W1 70 Wetland 10 82 
RgA Regent silty clay loam, nearly level- 43 Tle-7 65 Clayey 3 80 
RgB Regent silty clay loam, gently 
Oe 43 Lle-7 63 Clavey 3 80 


Capability unit Range site Windbreak group 


Map 
symbol Mapping unit Page Symbol Page I Name Number Page 
RgC Regent silty clay leam, sloping---~------ 43 TTle-7 66 Clayey 3 80 
RIA Regent-Daglum silty clay loams, 
nearly level- 44 IlIs-7P 68 | -------------- roe -- 
Regent part 2s || Seatasesac: oo Clayey B 80 
Daglum part se |) sesesecees _ Claypan 9 82 
RIB Regent -Daglum 
gently sloping 44 1fle-7P 66 = -- se 
Regent part =e ae 3 80 
Daglum part = al 9 82 
RIC Regent-Daglum silty clay loams, sloping- 44 TVe-7P 68 -- -- 
Regent part-- == a | Clayey 3 §0 
Daglum part-- -+ - -- Claypan | 9 82 
RoB  Rhoades-Daglum complex, gently 
sloping 72 g 82 
Rhoades part- = Thin Claypan oe a 
Daglum part-- =o Claypan -- oe 
RvE Ringling gravelly 7 Shallow 10 82 
Rw Riverwash- 73 0 | -------------- -- -- 
Sad Savage silty clay loam, nearly level---- 46 IIc-7 65 Clayey 3 80 
SeC  Sen-Werner loams, sloping- AT | T¥e-4L 68 7 -- -- 
Sen part-- as -- Silty 3 80 
Werner part- -- -- Shallow 10 82 
SmA Sen and Amor loams, nearly level--- Aq TIe-6 64 Silty 3 80 
SmB Sen and Amor loams, gently sloping 47 ITe-6 63 i 2 80 
SmC Sen and Amor loams, sloping AT IlTe-6 66 5; sa 
SmD Sen and Amor loams, hilly 47 1 IVe-6 69 80 
StA Stady loam, nearly level- 48 | TIIs-6 G7 | 6 81 
SuB  Stady-Lehr loams, gently sloping 48 I le-S6 67 | 6 81 
Stady part = - -_ Silty hss -- 
Lehr part- ae es Shallow to gravel otal aoe 
SuC Stady-Lehr loams, sloping: 4g TVe-5 69 | «------------- 6 81 
Stady part == ae Silty aoa a 
Lehr part~ -- -- Shallow to gravel aia -- 
SwA Straw loam, nearly level- 49 64 ; Silty 1 80 
Sx Straw loam, channeled- 49 70 Silty 1 8a 
Sy Strongly saline land-- 49 7 Saline Lowland 10 82 
TaB Tally-Parshall fine sandy loans, 
gently sloping- 50 65 od == 
Tally part-- - -- =e 5 81 
Parshall part----------------------- tof wee eer ee ee oe 1 80 
TbA Tally-Vebar fine sandy loams, near 
level----~-+-- +--+ 04-2 2- -eo o-oo eee eee 50 IIle-3 65 Sandy 5 81 
TeD  Telfer-lihen loamy fine sands, steep---- S1 Vle-Sa 76 Sands -- -- 
Telfer part- -- “= F 81 
Lihen part-- -- -- -- 3 gl 
TmA = Temvik silt loam, nearly level---- - 52 Tic-6 64 3 80 
TwB Temvik-Williams silt loams, undulating-- $2 Ile-6 63 3 80 
TwC  Temvik-Williams silt loams, rolling----- 82 Tlle-6 66 3 80 
TwD  Temvik-Williams silt loams, hilly 52 TVe-6 69 5 3 80 
TX Tonka and Parnell silt loams $3 [Iw-6, if 64 Wet Meadow 2 80 
drained; 
T¥w-G6, if 70 
undrained 
VaC  Vebar fine sandy loam, sloping---------- 55 Ive-3 68 Sandy 5 81 
VbD  Vebar stony fine sandy loam, hilly--- $5 Vils-Sy 72 Sandy 10 82 
Vvho Vebar-Cohagen fine sandy loams, hilly 55 Vie-Sy Plo | -------------- -- -- 
Vebar part-- -~ =: Sandy s 81 
Cohagen part -- aa Shallow 10 82 
VERB Vabar-Tally fine 
56 TTle-3 65 Sandy S 81 


Map 
symbel Mapping unit 
VIB Vebar-lTally loams, undulating--- 
wit Vebar-Tally loams, rolling- 
vs Velya-Straw fine sandy loam: 
Wall Wabek gravelly loan, eep- 
WIA Williams loam, nearly level 
W1IB Williams loam, undulat 
W1c Williams loam, rolling 
Win Williams stony loam, rolling- 
Wac 
lliams part 

Flaxton part---- 
Wed Williams-Zahl loa 

Williams part 

Zahl part--- 
ZaD Zahl-Williams loam 

Zahl part--- 

Williams part 
Zak Zahl-Williams loams, steep 


Zahl 
Willia 


tone 
mS part--- 


7 
~ Unless stated otherwise, capability clas 


Ze 


ication is for drained areas. 


“ALL range sites consist of undrained soils. 
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Capability unit 


Range site 


Windbreak group 


Symbol 


Tfe-5 

Itle-5 

(Lte-3 

VIIs-VS 

TIe-6 

ITe-6 

Ille-6 

VIIs-Si, if 
uncleared; 


Tlle-6, if 
cleared 
ilTe-5 
1Ve-6 
Vie-TU 


VTle-TU 


Page 


Name 


Sandy 
Sandy 

Overflow. 
y Shallow 


Silty 


Thin Upland 
Silty 
Thin Upland 
Silty 


Number Page 
5 $1 
& 81 
i 60 

10 82 
3 80 
3 60 
3 80 

10 82 
3 80 
5 81 
3 80 
8 81 
8 81 
3 80 
8 gl 
3 80 


~ No flooding on sails of Overflow range site since 1952, when construction of Garrison Dam was 


completed. 


Accessibility Statement 


This document is not accessible by screen-reader software. The Natural Resources 
Conservation Service (NRCS) is committed to making its information accessible to all 
of its customers and employees. If you are experiencing accessibility issues and need 
assistance, please contact our Helpdesk by phone at (800) 457-3642 or by e-mail at 
ServiceDesk-FTC@ftc.usda.gov. For assistance with publications that include maps, 
graphs, or similar forms of information, you may also wish to contact our State or local 
office. You can locate the correct office and phone number at http://offices.sc.egov. 
usda.gov/locator/app. 


Nondiscrimination Statement 


Nondiscrimination Policy 


The U.S. Department of Agriculture (USDA) prohibits discrimination against its 
customers, employees, and applicants for employment on the basis of race, color, 
national origin, age, disability, sex, gender identity, religion, reprisal, and where 
applicable, political beliefs, marital status, familial or parental status, sexual orientation, 
whether all or part of an individual’s income is derived from any public assistance 
program, or protected genetic information. The Department prohibits discrimination in 
employment or in any program or activity conducted or funded by the Department. (Not 
all prohibited bases apply to all programs and/or employment activities.) 


To File an Employment Complaint 


If you wish to file an employment complaint, you must contact your agency’s EEO 
Counselor (http://directives.sc.egov.usda.gov/33081.wba) within 45 days of the date of 
the alleged discriminatory act, event, or personnel action. Additional information can be 
found online at http://www.ascr.usda.gov/complaint_filing_file.html. 


To File a Program Complaint 


If you wish to file a Civil Rights program complaint of discrimination, complete the 
USDA Program Discrimination Complaint Form, found online at http:/Avww.ascr.usda. 
gov/complaint_filing_cust.html or at any USDA office, or call (866) 632-9992 to request 
the form. You may also write a letter containing all of the information requested in 
the form. Send your completed complaint form or letter by mail to U.S. Department 
of Agriculture; Director, Office of Adjudication; 1400 Independence Avenue, S.W.; 
Washington, D.C. 20250-9419; by fax to (202) 690-7442; or by email to program. 
intake@usda.gov. 


Persons with Disabilities 


If you are deaf, are hard of hearing, or have speech disabilities and you wish to file 
either an EEO or program complaint, please contact USDA through the Federal Relay 
Service at (800) 877-8339 or (800) 845-6136 (in Spanish). 

If you have other disabilities and wish to file a program complaint, please see the 
contact information above. If you require alternative means of communication for 


program information (e.g., Braille, large print, audiotape, etc.), please contact USDA's 
TARGET Center at (202) 720-2600 (voice and TDD). 


Supplemental Nutrition Assistance Program 


For additional information dealing with Supplemental Nutrition Assistance Program 
(SNAP) issues, call either the USDA SNAP Hotline Number at (800) 221-5689, which 
is also in Spanish, or the State Information/Hotline Numbers (http://directives.sc.egov. 


usda.gov/33085.wba). 


All Other Inquiries 
For information not pertaining to civil rights, please refer to the listing of the USDA 
Agencies and Offices (http://directives.sc.egov.usda.gov/33086.wba). 
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Each area outlined on this mop consists of 
more than one kind of soil. The map is thus 
meat for general planning rather than a basis 
for decisions on the use of specific tracts. 


SOIL ASSOCIATIONS * 


SOILS FORMED IN MATERIAL WEATHERED FROM SOFT SANDSTONE 
AND SHALE; ON UPLANDS 


Vebar-Cohagen association: Nearly level to steep, moderately deep and deep, 
shallow, well-drained, loamy soils 


Vebar-Tally association: Nearly level to hilly, moderately deep and deep. 
well-drained, loamy soils 


Morton-Daglum-Werner association: Nearly level to very steep, deep to 
shallow, well drained and moderately well drained, loamy soils 


SOILS FORMED IN GLACIAL TILL AND MATERIAL WEATHERED 
FROM SOFT SANDSTONE AND SHALE; ON UPLANDS 


Williams-Sen association: Nearly level to hilly, deep and moderately 


GY 
ZZ deep, well-drained, loamy soils 
Cabba-Werner-Williams association: Nearly level to very steep, shallow 


GY 
ZZ and deep, well-drained, loamy soils 


QA ~Cabba-Zahl association: Hilly to very steep, shallow and deep, well- 
ZZ drained, loamy soils 


SOILS FORMED IN GLACIAL TILL; ON UPLANDS 
Flaxton-Williams-Livona association: Nearly level to hilly, deep, well- 
drained, loamy soils 
Temvik-Williams association: Nearly level to hilly, deep, well-drained, 
silty and loamy soils 
Williams-Zahl association: Nearly level to steep, deep, well-drained, 
loamy soils 


SOILS OF BOTTOM LANDS AND TERRACES 


Mandan-Temvik association: Nearly level to gently sloping, deep, well- 
drained, silty soils 


Havrelon-Lohler-Lallie association: Nearly level to undulating, deep, well- 
drained to very poorly drained, loamy to clayey soils 


*The terms for texture used in the descriptive heading of the associations apply 
to the surface layer of the major soils. 


Compiled 1973 


U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 


NORTH DAKOTA AGRICULTURAL EXPERIMENT STATION 


GENERAL SOIL MAP 
OLIVER COUNTY, NORTH DAKOTA 


Scale 1: 253,440 


1 °o 1 2 3 4 Miles 


T.143.N. 


T.142.N. 


T.141N. 


Inset, ee ! 
101"10" ee ties Original text from each individual map sheet 
ys —— aad 
joann | This map is one of a set compiled in 1973 as part of a soil 
— 


> survey by the United States Department of Agriculture, 
peers Soil Conservation Service, and the North Dakota 
Agricultural Experiment Station. Photobase from 1971 
aerial photography. Positions of 5,000-foot grid ticks are 
approximate and based on the North Dakota coordinate 
system, south zone. Land division corners are 
approximately positioned on this map. 


Q 
@: 
101°40' zea 30! 101°20' A oN 


oo ence coor i a cane L fel | ie 
seats 
aa 


Ny 8 2008 Cee BI i 
CR HEDELSEA DE ch ero HEAT 


a se ane LEB E) ISEeS fees eee 
eh ae a oIsct it 16 ‘ iS |i [40 lk 
BB SE EPA eee IPS hPa Bee 


ela ‘ pare 
RCT eT tl 1 Be 
FREI cyam Gree md met “Se The rae ay 
a 
LY. : we i \ 1 is a 6 IX 
a0 NCA aor ae bus SNC VE Sa 
Hac Pe sd eo me a7 | ey es 
ry se if ci Ba it STS a : wr: inset, sheet 30 
a tRuae bade seeds Mace! a 


] iy COUNTY 4 
R. 85 W. R. 82 W. R. 81 


INDEX TO MAP SHEETS 
OLIVER COUNTY, NORTH DAKOTA 


Scale 1: 253,440 
° 1 2 3 


4 Miles 


U. S. DEPARTMENT OF AGRICULTURE 


SOIL CONSERVATION SERVICE 


OLIVER COUNTY, NORTH DAKOTA NORTH DAKOTA AGRICULTURAL EXPERIMENT STATION 


SOIL LEGEND 


The first capital letter is th jal one of the soil name, The lower case letter that follows 
separates mapping units having names that begin with the same letter except that it does not 
separate sloping phases. The second copital letter indicates the class of slope. Symbols without 
© slope letter are those for soils that have a slope ronge of 0 to 2 percent or they ore for land 
types with a considerable range of slope. 


NAME 


Alluvial land 

Amegard loam, nearly level 
Amegard loam, gently sloping 
Amegard loam, sloping 


Banks fine sand, rolling 
Banks soils, gently undulating 
Banks-Trembles fine sandy loams, nearly level 
Banks-Trembles fine sandy loams, undulating 
Belfield-Daglum silt looms, nearly level 
Id-Doglum silt looms, gently sloping 
Id-Daglum silty cloy looms, nearly level 
Id-Daglum silty cloy looms, gently sloping 
Belfield-Morton silt loams, nearly level 
Belfield-Morton silt loams, gently sloping 
Belfield-Morton silt loams, sloping 
Belfield-Straw loams, nearly level 


Cabba-Shale outcrop complex, very steep 
‘Cabba-Werner complex, steep 
Cabba-Werner complex, very steep 
Cohagen-Sondstone outcrop, very steep 
Cohagen-Vebor fine sondy looms, steep 
Colvin and Regan silt loams 


Dimmick silty clay 


Farlend silt loam, nearly level 
Farland silt loom, gently sloping 

Floxton loamy fine sand, undulating 
Floxton-Livone fine sandy loams, nearly level 
Flaxton-Livona fine sandy loams, undulating 
Flaxton-Livone fine sandy loams, rolling 
Flaxton-Willioms loams, nearly level 
Flaxton-Willioms loams, undulating 
Flexton-Willioms soils, undulating 
Flaxton-Williams soils, rolling 
Flaxton-Williams soils, hilly 


Grail silt loam, nearly. level 
Grail silt loam, gently sloping 

Grail silty cloy loam, nearly level 
Grail silty clay loam, gently sloping 
Grail silty clay loam, sloping 
Grassna silt loam, nearly level 
Grassna silt loam, gently sloping 
Gravel pits 


Harriet complex 

Havrelon loam 

Havrelon silty clay loom 

Hovrelon silty cloy 
Havrelon-Trembles fine sandy looms 
Heil silty cloy 


Lallie silty clay 

Lallie silty clay, very wet 

Lawther silty clay, nearly level 

Lowther silty clay, gently sloping 

Lefor fine sandy loam, gently sloping 
Lihen loamy fine sand, nearly level 
Lihen fine sandy loam, nearly level 
Linton silt loam, sloping 

Linton-Mandan silt loams, gently sloping 
Lohler silty clay 


Mandan silt loam, nearly level 

Mandan silt loom, gently sloping 

Mandan silt loam, gravelly substratum, nearly level 
Mandan silt loam, gravelly substratum, gently sloping 
Manning fine sandy loam, gently sloping 

Mine dumps 

Morton silt loam, nearly level 

Morton silt loam, gently sloping 

Morton silt loam, sloping 

Morton silt loam, hilly 

Morton-Daglum silt loans, neorly level 
Morton-Daglum silt looms, gently sloping 
Morton-Daglum silt loams, sloping 

Morton and Sen stony loams, sloping 


Noonan-Flaxton soils, undulating 


Parnell silt loam 

Parshall fine sandy loam, nearly level 
Parshall loam, nearly level 

Parshall loam, gently sloping 
Parshall-Tally fine sandy loams, sloping 


Regan silt loam 

Regent silty clay loam, nearly level 

Regent silty clay loam, gently sloping 

Regent silty clay loam, sloping 

Regent-Daglum silty clay loams, nearly level 
Regent-Daglum silty clay looms, gently sloping 


SYMBOL 


RIC 
RoB 
RvE 
Rw 


SoA 
SeC 


NAME 


Regent-Daglum silty clay loams, sloping 
Rheades-Daglum complex, gently sloping 
Ringling gravelly loam, very steep 
Riverwash 


Savage silty cloy loom, nearly level 
Sen-Wemer loams, sloping 

Sen and Amor loams, nearly level 
Sen and Amor loams, gently sloping 
Sen and Amor loams, sloping 

Sen and Amor looms, hilly 

Stady loam, nearly level 
Stady-Lehr loams, gently sloping 
Stady-Lehr loams, sloping 

Straw loam, nearly level 

Straw loam, channeled 

Strongly seline land 


Tally-Porshall fine sondy looms, gently sloping 
Tally-Vebar fine sandy looms, neorly level 
Telfer-Lihen loamy fine sands, steep 

Temvik silt loam, nearly level 

Temvik-Willioms silt loams, undulating 
Temvik-Willioms silt looms, rolling 
Temvik-Willioms silt looms, hilly 

Tonka and Parnell silt loams 


Vebar fine sandy loam, sloping 

Vebar stony fine sandy loam, hilly 
Vebar-Cohagen fine sandy loame, hilly 
Vebor-Tally fine sandy loams, gently sloping 
Vebar-Tally loams, undulating 

Vebar-Tally looms, rolling 

Velvo-Straw fine sandy loams 


Wobek gravelly loom, steep 
Williams loam, nearly level 
Willioms loam, undulating 
Williams loam, rolling 
Williams stony loam, rolling 
Willioms-Floxton loams, rolling 
Willioms-Zahl looms, hilly 


Zchl-Williams looms, hilly 
Zahl-Williams looms, steep 
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MERCER Cc 
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Highways and roads 


Divided ..... 


Good motor ., 


AND STRUCTURES 


Poor motor .--++sseeeeeeeeeee 


Trail .. 


Highway markers 


National Interstate ... 


U.S. oan. 


State or county 


Railroads 


Single track .., 


Multiple track | 


Abandoned .. 
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R. R. under .,. 
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Well, oil or gas 


Forest fire or lookout station ... 


Windmill 


Located object 
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OLIVER COUNTY, NORTH DAKOTA 
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National or state 


County ... 


Minor civil division ............+ — sl 


Reservation 


Land grant ... 


Small park, cemetery, airport... _____--_------ 


Land survey division corners... L. _L_ + 4 


DRAINAGE 


Streams, double-line 


Perennial 


Intermittent 


Streams, single-line 


Perennial .. 


Intermittent 


Crossable with tillage 


implements .. a a a 
Not crossable with tillage 

implements ...........645 a aaa 
Unclassified 


Canals and ditches 


Lakes and ponds 


Perennial ... 


Intermittent 


Spring “ 

Marsh or swamp ............... 

Wat spat oc. .csecsssansaa see v 
Drainage end or alluvial fan... § —_--——- + 


RELIEF 
Escarpments 
Bedrock: ...ses.saccsarecerses Ve ONY Nyy 
Other: savices Jeerevenceanes pron 
Short steep SlOpe ........eeeeeee 


Depressions 


Crossable with tillage 
implements ................. 
Not crossable with tillage 
implements ............0066 
Contains water most of 

the time 
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and symbol .......eeeeeeeeee 
ee 
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StONY: renews vsesezee Q 
Stoniness oe o 
Very stony .......... a 
Rock outcrops ..............008. “ 
Chert fragments .........eeeeee ot 
Clay SROL! aise wuecessacssveesn ® 
Sandpol witesrcoxrassrersacess 
Gumbo or scabby spot ......... id 
Made land ......eeceeeeeeeeeee = 
Severely eroded spot ........... 
Blowout, wind erosion .......... v 
Gull sssoussongebessaserseuaane ananns 
Dugout or small dams 
less than 2 acres .......... a 
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